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- Frank A. Morris, Rochester, and Robert B. Trousdale,
Webster, N.Y., assignors, by mesne assxgnments, to
General Dynamics Corporation, a corporation of Dela-
ware

Application December 16, 1952, Serial No. 326,213
30 Claims, (Cl. 179—-18)

The present invention relates to improved methods and
apparatus for selectively setting up signal transmission
connections between the lines of a signalling system, and,
more particularly, to improved methods and apparatus
for setting up two-way communication connections be-
tween the lines of an automatic telephone system wherein
a large number of lines are serviced. Specifically, the
present invention is directed to an automatic telephone
system of the improved form disclosed and claimed in
our co-pending application, Serial No. 134,974, filed on
December 24, 1949, issued as U.S. Letters Patent No.
2,773,934, on December 11, 1956, and assigned to the
same assignee as the present invention, wherein a group
of one thousand lines may be serviced on a private line
basis or a group of ten thousand subscribers may be
serviced on a party line basis.

Many types of automatic switching apparatus have
been proposed and developed for transmitting signals

between the lines of telephone, telegraph and other com-

-munication systems. In the main, the apparatus pro-
posed and developed for this purpose utilizes €lectrome-
chanical devices embodying moving mechanical parts,
such, for example, as relays, stepping switches and the
like, to perform the line selecting, line interconnecting
and ancillary functions required in selectively intercon-
necting any two lines of a large group of lines. While
apparatus of this type and embodying switching devices
of various forms has been developed to provide thor-
oughly reliable service, it is inherently subject to several
limitations, including that of insufficient operating speed.
To overcome these limitations various proposals have
been made for utilizing electronic facilities, such, for
example, as cathode ray tubes, for the purpose of trans-
mitting signals between the lines of a signalling system
on a selective basis.

However, most of these proposals are limited to ar-
rangements for providing signal transmission between a
relatively small number of lines, such as twenty lines, and
include no provisions whatever for accommodating the
large number of subscriber lines necessary to any prac-
tical, commercially acceptable system. In particular,
these proposed systems are totally lacking  in facilities
for servicing a system of, for example, one thousand lines
from the same common equipment.

Accordingly, it is an object of the present invention
to provide new and improved methods and apparatus for
selectively setting up two-way communication . connec-
tions between any pair of lines of a signalling system
which includes a large number of subscriber lines.

It is another object of the present invention to pro-
vide a new and improved automatic telephone system
capable of serving one thousand private line subscribers
and providing all of the services of comparable electro-
mechanical switch-type systems, but which consists ex-
clusively of electron conducting devices such, for ex-
ample, as electron tubes, gas tubes, crystal rectifiers, semi-
conductors and the -like, together with interconnecting
circuit components therefor. :
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It is still another object of the present invention to
provide a new and improved electronic telephone system
capable of providing service for one thousand private line
suoscribers and wherein a single signal path common to
all of said lines is employed to transmit signals between
any pair of lines of the system.

It is a further object of the present invention to pro-
vide a new and improved electronic telephone system
capable of providing service for one thousand private
line subscribers and wherein at least a portion of the
equipment is common to all of the subscriber lines.

It is a still further object of the present invention to
provide an electronic telephone system capable of pro-
viding service for one thousand subscribers on a private
line basis, or ten thousand subscribers on a party line
basis, and wherein at least a portion of the equipment
is common to all of the subscriber substation equipment.

Another object of the present invention resides in the
provision  of an improved electronic telephone system
capable of servicing one thousand private subscriber
lines and wherein trunk hunting facilities are provided for
finding an idle trunk within certain designated trunk
groups of lines in the system.

Still another object of the present invention resides in
the provision of an improved electronic telephone sys-
tem capable of servicing one thousand private subscriber
lines wherein conversation timing facilities common to
all of the lines of the system are provided for timing out
the call after a predetermined conversation timing inter-
val between any pair of calling and called lines of the
system.

A further object of the present invention resides in
the provision of a new and improved electronic telephone
system capable of servicing one thousand private sub-
scriber lines wherein party line ringing facilities com-
mon to all of the lines of the system are provided for
ringing any one of a plurality of substations associated
with any one of the lines of the system on a party line
basis. .

A still further object of the present invention resides
in the provision of a new and improved electronic tele-
phone system which is fully automatic in operation and
is adapted to serve a group of one thousand private sub-
scriber lines and which compares favorably in first cost
with electromechanical systems of the same capacity, re-
quires a minimum of special circuit components in the
construction thereof and yet is capable of providing re-
liable service with a minimum amount of maintenance.

The invention both as to its organization and method
of operation, together with further objects and advan-
tages thereof, will best be understood by reference to the
following specification taken in connection with the ac-
companying drawings in which:

Figs. 1-12, inclusive, when arranged in the manner
shown in Fig. 22 diagrammatically illustrate an auto-
matic telephone system characterized by the features of
the present invention;

Figs. 3A and 3B, when laid side by side in the order
named diagrammatically illustrate the components of one
of the finder-selector links embodied in the system
shown in Figs. 1-12, inclusive;

Figs. 4A, 4B and 4C, when arranged in the manner
shown in Fig. 23, diagrammatically illustrate the com-
ponents of one of the acceptor-connector links embodied
in the system shown in Figs. 1-12, inclusive;

Figs. 13-18, inclusive, when arranged in the manner
shown in Fig. 21, illustrate schematically the details of
the selector portion of one of the finder-selector links
diagrammatically illustrated in Figs. 3A and 3B;

Fig. 19 is a schematic diagram showing the details
of the acceptor portion of one of the acceptor-connector
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links diagrammatically iltustrated in Figs. 4A, 4B and
/(‘

Fig. 20 illustrates schematlcally one of the buffer am-
plifiers and one of the coupling circuits embodied ‘in the
system of Figs. 1-12, inclusive;

Figs. 24-29, inclusive, and. Fig. 24A are graphs illus-
trating the operating characteristics of certain compo-
nents of the system;

Figs. 30-32, inclusive, illustrate the details of an alter-’
native embodiment of a portion of the system of the
present invention; and

Fig. 33 is a schematic diagram of the selector allotting
circuit in the system of the present invention. -

In general, the electronic telephone system herein dis-
closed is capable of serving one thousand lines, each of
which lines may have associated therewith a number of
party line substations up to a maximum of ten such
party line substations for each line.

tion between any two lines.of a.one thousand: line system

on either a private or party line basis and includes en--
tirely novel facilities for performing all of the services:

of electromechanical switch-type systems, including such
special service features as trunk hunting, conversation
timing, and party line ringing. -All of these functions
are accomplished on a fully automatic basis without the
use of any relays, steppng swtches .or other ‘mechanical
devices having moving parts.

Basically, the present improved system utilizes a-sys-
tem of multiplexing, namely pulse sampling effectively
at an ultrasonic rate of the control and intelligence sig-
nals produced on each line of the system to provide signal
channel separation. - Specifically, the one thousand lines
of the system are divided into ten groups or levels of

one hundred lines each, and the one hundred lines of each-

line group have individually assigned thereto. different
pulse time positions in repetitve time position frames
each comprising one hundred pulse time positions. Thus,
each pulse time position is assigned to one line in each
hundreds line group.

Each line group consisting of one hundred lines is des-
ignated as a particular hundreds digit line group. Thus,
the first line group of one hundred lines is designated as
the first hundreds digit line group, the second line group
of one hundred lines is designated as the second hun-
dreds digit line group, the third line group of one hun-
dred lines is designated as the third hundreds digit line
group, etc. The lines of each hundreds digit line group
also have collectively assigned thereto a group of ten
of said time pulse positions, or trunk group positions,
which identify the hundreds digit position or level of
these lines in the one thousand line system.

Intelligence and control signals developed on any one
line in a given hundreds digit line group are sampled only
in the particular pulse time position assigned to said
one line and the samples are carried through the signal
transmitting components of the system as far as the
hundreds group selector stage on multiplexer signal
pulses occurring in this particular time position. In the
hundreds group selector stage the control and intelligence
signals carried by the multiplexer signal pulses are de-
tected and either used for control purposes, such as called
line hundreds group selection, or are superimposed on
selector forward signal pulses occurring in- an idle one
of the ten time positions assigned to the hundreds line
group which includes the called line, and the samples are
then carried through the signal transmitting components
of the system as far as the line selector, or connector
stage on the selector forward signal pulses occurring in
said idle time position. In the connector stage the con-
trol and intelligence signals carried by the selector for-
ward signal pulses are detected. and either used for con-
trol purposes, such as called line selection within the
called “line hundreds group, or are superimposed on
connector signal pulses occurring in the time position

-More -specifically,-
the system is capable of providing:two-way cormmunica--
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assigned to the called line within the called line hundreds
group for redistribution to the substations associated with
the called line. The reverse process is employed in trans-
mitting intelligence from the called substation back to
the calling substation.

In order to minimize the amount of equipment used
in certain operations .of the system and to avoid the ex-
tremely high sampling rate which would be required if
one thousand different time positions were used for the
one thousand lines of the system, a decimal system of
multiplexing is employed which entails arbitrary division
of the lines of the system into hundreds line groups, and
arbitrary division of the lines of each hundreds line group
into line subgroups. More specifically, the one thousand
lines of the system are divided into ten line groups of
one hundred lines each which are referred to.as hun-
dreds digit line groups, and the one hundred lines of
each hundreds digit line group are divided into ten sub-
groups of ten lines each. Since only one hundred time
positions are used for the entire one thousand line system,
the same time position is utilized by one line in each of
the hundreds digit line groups. Tens multiplexing or
gating pulses are developed at the rate of ten pulses for
each pulse frame, and each tens pulses individually cor-
responds -to a particular subgroup of ten lines within
each hundreds digit line group and occurs during the
time interval of each pulse frame which exactly spans
the ten pulse time positions individually assigned to the
lines of the particular subgroup.

A group of line selector or connector stages are per-
manently assigned to each of the hundreds digit line
groups and each counector stage associated with a given
line group has assigned thereto-one of the ten pulse time
positions, or trunk group positions, assigned to each hun-
dreds line group. Thus, each pulse time position identi-
fies one line within each hundreds line group, and also
identifies one connector stage. Accordingly, the ten pulse
time positions spanned by each tens pulse are individually
assigned to different connector stages associated with a
given hundreds line group. Since ten trunk group posi-
tions are assigned to each hundreds line group, a maxi-
mum of one hundred connector stages may be employed
in the one thousand line system and each connector stage
is identified by a different time position. With this sys-
tem of multiplexing, transmission of multiplexer signal
pulses through certain of the signal transmission cormpo-
nents of the system is dependent upon time coincidence of
these signal pulses with particular tens pulses of successive
pulse frames, as well as coincidence of these pulses with
particular pulse time positions within successive pulse
frames. In order to provide for such features as line
busying, all links busying and trunk hunting, certain fa-
cilities are associated with each hundreds digit line group,
as will be described in more detail hereinafter.

GENERAL DESCRIPTION OF THE SYSTEM

Referring now to the drawings, and more particularly
to Figs. 1-12, inclusive, thereof, the present fully auto-
matic electronic télephone system is there illustrated as
comprising ‘one thousand lines which are arranged in dif-
ferent hundreds digit line groups of which the first, second
and last hundreds digit groups are shown in the drawings.
Thus, the equipment common to the one hundred lines in
the first hundreds group 12 is shown in the horizontally
arranged Figs. 1, 2 and 3, the equipment common {o the
one hundred ‘lines in the second  -hundreds -linc
group 13 is shown in the horizontally arranged
Figs. 4, 5 and 6, and the equipment common to the
one hundred lines in the last or tenth hundreds group
14 is shown in the horlzontally arranged Figs. 7, 8 and 9.
The equipment 17, which is common to the one thousand
lines of the system, is shown in the horizontally arranged
Figs. 10, 11 and 12.

Considering first - the equxpment included in the first
hundreds group 12, this equipment includes one hundred
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line circnits individual to the one hundred lines of the first
hundreds line group, of which three line circuits %a, 18a
and 164 are shown in Fig. 1, a multiplexer 11a, of which
only one is required for each hundreds line group, a plu-
rality of identical finder-selector links 120, 122 and 124, a
plurality of acceptor-connector links 121, 123 and 125; a
distributor 154, of which only one is required for each
hundreds line group, a buffer amplifier 190a, of which only
one is required for each hundreds line group, a distributor
coupling circuit 1914, of which only one is required for
each hundreds line group, an all links busy circuit 192a,
of which only one is required for each hundreds line
group, a busy pulse drive circuit 193a, of which only one
is required for each hundreds line group, and a trunk
marking pulse generator 194a, of which only one is re-
quired for each hundreds line group.

In general, the equipment associated with each hun-
dreds line group is the same, and corresponding compo-
nents in each line group have, in general, been given the
same reference numerals and different subscripts.  Thus,
in the second hundreds digit line group 13 there is pro-
vided the line circuits 9b, 105 and 165, the multiplexer
115, a plurality of identical finder-selector links 139, 132
and 134, a plurality of identical acceptor-connector links
131, 133 and 135, a distributor 15b, a buffer amplifier
19050, a distributor coupling circuit 1915, an all links busy
circuit 192b, a busy pulse drive circuit 1935, and a trunk
marking pulse generator 1945, In an entirely similar
manner, the remaining line groups are provided with
equipment common thersto, the equipment common to
the last hundreds line group 14 having assigned thereto
the subscript “4.”

In addition, there is provided a selector forward cou-
pling circuit 186, of which only one is required in the one

thousand line system; an idle pulse coupling circuit 187, 3

of which only one is required in the entire system, a se-
lector return coupling circuit 188, of which only one is
required for the entire system, an acceptor drive circuit
189, of which only one is required for the entire system,
and a connector busy pulse coupling circuit 205, which is
also common to all of the lines of the system.

Each of the finder-selector links comprises a finder and
a selector. Thus, in the first hundreds group 12, the first
finder-selector link 120 comprises the finder 128a and
the selector 1205, the second finder-selector link 122 com-
prises. the finder 1224 and the selector 122b, and the last
finder-selector link 124 comprises the finder 1244 and the
selector 124b. .

Each of the acceptor-connector links comprises an ac-
ceptor and a connector. Thus, in the first hundreds group
12, the first acceptor-connector link 121 comprises the
acceptor 121a and the connector 1215, the second ac-
ceptor-connector link 123 comprises the. acceptor 123a
and the connector 1235, etc. It will be understood that
the number of finder-selector links and the number of ac-
ceptor-connector links employed in the system may be
chosen as required to handle the necessary traffic. Al-
though only three links have been illustrated in each hun-
dreds line group, from seven to ten links will normally bs
required in actual practice to handle the traffic of a one
thousand line exchange. Inclusion of the additional links
in the system may readily be accomplished by connecting
appropriate terminals of additional links to-the indicated
multiple points between the second and last links in each
hundreds line group.

As shown, the line circuits respectively terminate differ-
ent two-conductor lines included within the designated
hundreds line group. Thus, the line circuits 9a, 164 and
16a, respectively, terminate three two-conductor lines No.
111, No. 123 and Mo, 132 within the first hundreds line
group which includes the lines Nos. 111-100, inclusive.
In a similar manner, the line circuits 95, 185 and 16b, re-
spectively, terminate the three two-conductor. lines No.
211, No. 223 and No. 232 within the second hundreds
group 13, and the line circuits 9j, 18j and 16j, respec-
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tively, terminate the three two-conductor lines No. 011,
No..023 and No. 032 within the tenth hundreds group 14.
The lines of the system may be used for either private
or party line service. In the illustrated embodiment all
of the lines, except the line 232, are. shown as private
lines, and, accordingly, extend only to a single substation
having a directory number designation corresponding to
the associated line plus a party line ringing digit “1.”
Thus, in the illustrated embodiment the line 123, which is
shown as a private line, extends to the substation A which
has assignsd thereto the directory number designa-
tion No. 1231. On the other hand, the line 232, in the sec-
ond hundreds group 13, is illustrated as a party line and
extends to a plurality of parallel connected substations F,
G and H, having respectively assigned thereto the direc-
tory number designations No. 2321, No. 2322 and Mo.
2323. In this connection, it will be understood that any
one line, such as the line 232, may have associated there-
with a maximum of ten substations such as the substations
F, G and H. In the illustrated embodiment, reference
will be made to a call placed from the substation A
associated with the line 123 and intended for the - sub-
station G connected to the line 232, and having assigned
thereto the directory number designation No. 2322.

Fach line circuit performs the function of repeating
intelligence or control signals from its associated substa-
tion or substations to a corresponding one of the gate cir-
cuits .in the multiplexer which serves the corresponding
hundreds line group. Also, each line circuit performs the
function of repeating intelligence signals derived from a
particular gate circuit of the corresponding hundreds line
group distributor to its associated substation or substa-
tions and of responding to ringing control signals derived
from one of the connectors assigned to the same hundreds
line group on a call incoming thereto. Thus, the line
circuit 10a, for example, performs the functions of re-
peating intelligence or control signals from its associated
substation A to a corresponding one of the gate circuits
in the multiplexer 11a, repeating intelligence signals de-
rived from a particular gate circuit of the distributor 154
to its associated substation A, and of responding to ring-
ing control signals derived from one of the connectors
1215, 123b and 1255 in the hundreds group 12 by trans-
mitting ringing current to the substation A on a call in-
coming thereto.

To perform these functions the line circuit 16« is con-
nected by way of the conductors 54a and 54a’ to one of
the gate circuits provided in the multiplexer 11a and is
connected by way of the conductor 44z to one of the
gate circuits provided in the distributor ¥5a. The line
circuit 10a is also connected to certain components of
the common equipment 17 in the manner described
below. The line circuit 9¢ is connected by way of the
conductors 534 and 534’ to the multiplexer i%a and by
way of the conductor 43¢ to one of the gate circuits in
the distributor 154, and this line circuit is also connected
to the common equipment 17.  The line circuit 16a is
likewise connected to the multiplexer 11a over the illus-
trated .conductors' 554 and 554’ and over the conductor
45q to the distributor 15¢. The other ninety-seven line
circuits of the first hundreds group 12 of the system are
likewise connected on an individual basis to correspond-
ing gate circuits of the multiplexer 114 and the distributor
15a and on a common basis to certain components of the
common equipment 17.

Generally speaking, the multiplexers 1ia, 11511,
inclusive, perform the functions of sampling the. intel-
ligence .and control signals derived from the one hundred
line circuits individually associated therewith only in the
pulse. time positions of each pulse frame individually
assigned to the lines served by these line circuits, and of
modulating the sampled intelligence or control signals on
multiplexer ‘signal pulses occurring in these pulse time
positions. for transmission to the finders, selectors and
connectors of the linkage in the same hundreds line group,
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Thus, the output terminals of the multiplexer 11la are
connected by way of the common conductor 50a to the
multiplexer input terminals of each of the selectors 1205,
122p and 124b, to the multiplexer input terminals of
each of the connectors 121b, 235 and 125b, and also by
way of the buffer amplifier 1982 and over the conductor
204a to each of the finders 120q, 1224 and 124a. The
output from the multiplexer 11a is also conneéted by
way of the buffer amplifier 190z and the conductor 204a
to the all links busy circuit 192z. Similarly, in the sec-
ond hundreds group 13 the common output channel of
the multiplexer 115 is connected by way of the common
conductor 505 to each of the selectors 1305, 132h and
134b, to each of the connectors 1315, 133b and 1355, and
through the buffer amplifier 1905 to the finders 13@q,
1324 and 134a, and the all links busy circuit 1925.

In reverse manner the distributors 154, 155-15j, in-
clusive, individually perform the function of repeating
intelligence signals derived from the connecfors in the
associated hundreds line group in the pulse time posi-
tions corresponding to particular calling and called lines
to the line circuits respectively terminating these lines.
Thus, the input terminals of the distributor 15a are con-
nected by way of the distributor coupling circuit 191a
and the common conductor 5%a to the output terminals
of each of the connectors 1215, 1235 and 125b, and the
output terminals of each of the selectors 1205, 1225
and 1245. Similarly, the input terminals of the distribu-
tor 15b, in the second hundreds group 13, are connected
by way of the distributor coupling circuit 1915 and the
conductor 515 to the output terminals of each of the
connectors 1315, 1335 and 135b, and the output termi-
nals of each of the selectors 1305, 1325 and 1345. In
performing the described functions, the multiplexers 11a,
11b-11j, inclusive, and the distributors 154, 155-15j,
inclusive, are controlled by certain components of the
common equipment 17 in the manner hereinafter ex-
plained.

The finders of the various finder-selector links, such,
for example, as the finder 1264, do not perform any in-
telligence transmission functions. On the contrary, they
function strictly as control units.  Specifically, the finder
120z performs the function of determining when the
finder-selector link 129 shall be taken into use, determin-

ing the calling line within the hundreds group 12 with -

which the link 126 is to be associated in handling a
call, and determining the particular pulse time position
of successive pulse frames which is assigned to the call-
ing line and during which signal bearing pulses derived
from the multiplexer 11a shall be effective to produce a
response in the finder and in the associated hundreds line

group selector 1205, To advise the associated selector

of the pulse time position assigned to the calling line, the
finder 120a transmits finder gate pulses to the selector

1295 in this pulse time position over the conductor 128d.- ;

The finder 128a also performs the function of condi-
tioning its associated selector 1205 for operation when
the link 120 is definitely associated with a calling line to
handle a call initiated on the line. This is accomplished
through operation of the finder 120a to impress operat-
ing potential upon a plurality of the tubes in the selector
120b over the +B switch conductor 120¢. When opera-
tively associated with a particular calling line, the finder
128 also performs the function of guarding the calling
line against intrusion on an incoming call to the line.
This is accomplished through operation of the finder 1204
to feed busy pulses occurring in the pulse time position
assigned to the calling line with which the finder is op-
eratively associated over the common busy pulse out con-
ductor 202a to the busy pulse drive circuit 1934 associated
with the first hundreds group 12. From the busy pulse
drive circuit 193a the busy pulses are fed over the com-
mon busy pulse in conductor 203z to each of the finders
120a, 1220 and 1244 in the first hundreds group 12, to
each of the connectors 1215, 1235 and 1255 in the first
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hundreds group 12, and to the all links busy circuit 122a
in the first hundreds group 12. The finder 120a further
performs the function of supplying an allotting signal
over the conductor 36a to the finder 1224 of the next suc-
ceeding link 122 in the hundreds group 12 when the
finder 120q is taken into use so as to provide a self-
allotting system for the finder-selector links in each hun-
dreds group of the system.

To perform the above functions in the manner fully
explained below, the finder 120a comprises (see Fig.
3A) a pulse input circuit 300, a LB switching circuit
301, a pulse combining circuit 302, tens and units coin-
cidence tube circuits 303 and 304, a finder pulse forming
circuit 305, and a self-allotting circuit 306. It will be
noted that the finder 120a and the selector 1205 are con-
nected on an individual link basis by only two conductors,
namely, the +B switch conductor 120¢ and the finder
gate conductor 1204. The finder 1224 and the selector
122b are similarly connected on an individual link basis
by means of the finder gate and 4B switch conductors
122¢ and 122d which respectively correspond to the con-
ductors 120c¢ and 1284 of the link 120.

Each of the selectors in each hundreds line group per-
forms a plurality of different functions. Thus, the se-
lector 126b, for example, is controlled by finder gate
pulses delivered thereto over the conductor 120d to ac-
cept and respond to signal bearing multiplexer pulses oc-
curring in the pulse time position assigned to the calling
line with which the finder-selector link 120 is operatively
associated. The selector 1265 also responds to the appli-
cation of operating potential to the conductor 120c¢ and
to the finder gate pulses appearing on the conductor 1204
by feeding a dial tone signal to the distributor 15z on se-
lector signal pulses occurring in the pulse time position
assigned to the calling line with which the selector 1265
is operatively associated thereby to return a dial tone sig-
nal to the calling subscriber.

The selector 1205 responds to dial impulses which con-
stitute the first, or hundreds digit of the called line and
originate at the calling line with which the link 120 is
operatively associated, by selecting the particular hundreds
digit line group containing the called line. After selec-
tion of the particular hundreds digit line group which
contains the called line, the selector 1205 then selects
the pulse time position assigned to an idle one of the
connectors associated with the called hundreds line group
and transmits selector forward signal pulses in the time
position assigned to the selected idle connector over the
common selector forward conductor 195, through the se-
lector forward coupling circuit 186, and over the com-
mon conductor 196 to all of the connectors of the sys-
tem. Incident to the selection of this time position, the
selector 120b conditions itself to accept selector return
pulses which are impressed upon the selector return con-
ductor 199 from the selector return coupling circuit 188
and occur in the pulse time position assigned to the se-
lected idle connector, to store the intelligence carried by
these selector return pulses, and to transmit the stored
intelligence to the distributor 154 on selector signal pulses
occurring in the pulse time position assigned to the call-
ing line with which the link 120 is operatively associated.
In effect, therefore, the selector functions to shift signal
carrying pulses from the pulse time position assigned to
the calling line with which it is operatively associated to
the pulse time position assigned to an idle connector in
the hundreds line group, containing the called line, and
also to shift selector return signal pulses carrying in-
telligence derived from the called line by way of its as-
sociated connector from the particular pulse time position
assigned to this connector to the particular pulse time
position corresponding to the calling line.

In addition, the selector 1205 performs the auxiliary
functions of terminating dial tone transmission to the call-
ing substation when the first line selecting impulse there-
from is dialed into the selector, feeding connector busy
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pulses to the selected acceptor-connector link in the time
position assigned thereto to inform this link that it has
been selected, and transmitting busy tone carrying se-
lector signal pulses to the distributor 154 in the pulse time
position assigned to the calling line in the event there
are no idle connectors in the called hundreds line group.
The selector 128 is also arranged to release in response
to the release of a connection involving the link 126 at
the calling substation. _ v )

To perform the above-mentioned functions in the man-
ner fully explained below, the selector 1265, as diagram-
maticaily illustrated in Fig. 3B and as shown in detail in
Figs. 13, 14, 15, 16, 17 and 18, is provided with a forward
in gate circuit 367 which responds to finder gate pulses
transmitted to the selector over the conductor 1204 to re-
peat signal bearing pulses delivered theretoc from the
multiplexer 11a in the pulse time position assigned to
the calling line, and a forward reconstructor circuit 308
having the funhction of detecting or reconstructing and
storing the intelligence carried by signal bearing pulses
transmitted to the selector from the multiplexer 11a in
the pulse time position assigned to the calling line. The
selector 1204 further comprises a forward out gate cir-
cuit 324 for gating to the selector forward coupling cir-
cuit 186 selector forward signal pulses which occur in
the time position assigned to the selected connector in
the called hundreds line group and carry the intelligence
and supervisory signals reconstructed by the circuit 308.
In addition, the selector 1206 includes a return in gate
circuit 323 for repeating selector return signal pulses in
the pulse time position assigned to the selected connector
which bear intelligence or control signals derived from
the called line, a return reconstructor circuit 322 for de-
tecting or reconstructing the intelligence or control sig-
nals gated by the return in gate circuit 323, and a re-
turn out gate circuit 326 which is controlled in accord-
ance with the detected signals stored in the circuit 322
and by the finder gate pulses delivered to the selector
12686 over the conductor 1284 to gate to the distributor
15a by way of the distributor coupling circuit 191a sig-
nal bearing selector pulses which occur in the pulse
time position assigned to the calling line. More generally,
the three circuits 367, 308 and 324 function to repeat in-
telligence and supervisory signals from the calling line
to the selected comnector, whereas the three correspond-
ing circuits 323, 322 and 326 function to repeat to the
calling line intelligence and control signals derived from
the called line by way of the selected connector.

The selector 1205 additionally comprises a plurality
of components for responding to the first digit of dial
impulses repeated to the selector on multiplexer pulses
occurring in the pulse time position assigned to the calling
line, this first digit corresponding to the hundreds line
group which comtains the called line. In general, the
dial pulse responsive equipment of the selector 1205 com-
prises a dial impulse integrator circuit 369 which re-
ceives dial impulses from the recomstructor circuit 308,
a hundreds register inverter 368 to which pulses are re-
peated by the dial impulse integrator circuit 309, a hun-
dreds register pulser 310 which serves to drive the hun-
dreds digit register 311, and a hundreds sequence timing
circuit 312 which functions to initiate certain operations
at the end of the first digit dialed into the selector.

The selector 1200 further comprises an idle pulse gate
circuit 395 which is: controlled in accordance with the
selector alotting circuit 20b and the setting imparted to
the hundreds digit register 311 at the end of the first
digit to select only those idle pulses which identify. idle
connectors in the called hundreds line group and to sup-
ply the selected idle pulses over the conductor 3934 to
the idle connector coincidence tube circuit 3%7.. The co-
incidence tube circnit 397 operates to select at random
one of these selected idle pulses which represents an idle
connector in the called hundreds line group. The selec-
tor 1205 also comprises a selector pulse and connector
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busy pulse forming circuit 317 which is controlled in ac-
cordance with the setting imparted to the hundreds digit
register 311 at the end of the first digit and the idle
pulse selected by the coincidence tube circuit 397 to
produce selector pulses which are employed to control
the circuits 322, 323 and 324 in the transmission of in-
telligence and control signal information from the selec-
tor 1206 to the selected connector in the pulse time
position assigned thereto. The circuit 317 also develops
connector busy pulses which are transmitted over the
conductor 263a, through the coupling circuit 205 and
over the conductor 205b to the selected acceptor-connec-
tor link to inform this link of seizure by the selector
120b. The connector busy lock circuit 396 in the selec-
tor 120b is controlled jointly by the bundreds sequence
timing circuit 312 and the idle connector coincidence tube
circnit 397 to lock up the selector 1205 at the end of a
connector busy test interval of predetermined duration in
the event that no idle connectors are found in the called
hundreds line group. The selector 120) also includes the
busy tome gate 3252 and the dial tone gate 325 which
have the function of gating busy and dial tones to the
calling line under the conditions described generally
above. -Like the finders, the acceptors of the various
links, such as the acceptor 1314, in the second hundreds
group 13, do not perform any intelligence transmission
functions but on the contrary function strictly as control
units. Thus, the acceptor 131a performs the function
of establishing a particular pulse time position within
each pulse frame which identifies the acceptor-connector
link 131 as serving the lines in a particular hundreds
line group,-i.e., the hundreds group 13, and also dis-
tinguishes the link 131 from the other links 133, 135,
etc. which also serve the same hundreds line group 13,
and of generating idle pulses in this established pulse time
position for-the use of selectors in selecting an idle con-
nector within the called hundreds line group. To advise
all of the selectors of the system of the pulse time posi-
tion assigned to the associated connector and the idle
or busy condition thereof, the acceptor 131la transmits
these idle pulses over the conductor 198, through the
idle pulse coupling circuit 187, and over the conductor
197 to all of the selectors of the system during periods
when the associated connector is idle.

The acceptor 131¢ also performs the function of con-
ditioning its associated connector 131b for operating
when the link 131 is definitely associated with a call
forwarding selector to handle a call initiated on the call-
ing line associated therewith. This is accomplished
through operating of the acceptor 131a to impress oper-
ating potential upon a plurality of the tubes in the
connector 131H over the -+B switch conductor 13ic.
Also, to advise the connector 131b of the pulse time posi-
tion which is permanently assigned thereto, the acceptor
131a transmits acceptor gate pulses to the associated con-
nector 131b in this pulse time position over the con-
ductor 131d. When operatively associated with a par-
ticular call forwarding selector, the acceptor 131a re-
sponds to connector busy pulses transmitted thereto from
the call forwarding selector by way of the connector busy
pulse coupling . circuit 205 by removing these idle pulses
from the common idle pulse out conductor 198, thereby
guarding the associated connector 131) against intrusion
on an incoming call to the hundreds group 13.

To perform the above functions in the manner fully
explained below, the acceptor 131a comprises (see Figs.
4A and 19) an acceptor control gate circuit 4060, a 4B
switching circuit 401, an acceptor gate pulse forming
circuit 492, and an idle pulse circuit 410.

Fach of the connmectors in each hundreds digit line
group performs a plurality. of different functions. Thus,
the connector 131b in the second hundreds group 13, for
example, is controlled by the: acceptor gate pulses de-
livered thereto.over the conductor 131d from the accep-
tor 1314 to accept and respond to signal bearing selector
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forward pulses occurring in the same time position, i.e.,
the time position assigned to the acceptor-connector link
131.  The connector 1315, which in the illustrated em-
bodiment is adapted for party line ringing, also responds
to dial impulses during a second or tens digit, a third
or units digit, anda fourth or party line ringing digit,
which originate at the calling line with which the call
forwarding selector is operatively associated, to select
the particular pulse time position assigned to the called
line within the called hundreds line group, and the par-
ticular party line ringing signal assigned to the called
substation associated with the called line. Incident to the
selection of the time position assigned to the called line,
the connector 131b conditions itself to accept. signal
carrying pulses from the multiplexer 115 which occur in
the time position corresponding to the selected called line
within the second hundreds group 13, to store the intelli-
gence carried by these pulses, and to transmit the stored
intelligence to the call forwarding selector on selector re-
turn signal pulses occurring in the pulse time positicn
assigned to the connector 131h. In effect, therefore, the
connector functions to shift selector forward signal carry-
ing pulses transmitted thereto by the call forwarding
selector from the pulse time position assigned to the
connector to the pulse time position assigned to the
called line within the called hundreds line group and to
shift multiplexer signal pulses carrying intelligence de-
rived from the called line from the pulse time position
assigned to the called line to the pulse time position as-
signed to the connector.

In addition, the connector 1315 performs the auxiliary
functions of feeding busy pulses occurring in the pulse
time position assigned to the called line within the
hundreds group 13 over the common busy pulse out
conductor 2025 in this hundreds group 13 to the busy
pulse drive circuit 1935, and from the circuit 1935 over
the common busy pulse in conductor 263b to the other

20

links in the hundreds group 13 thereby to guard the

called line against seizure through another link in the
second hundreds group 13; testing the pulse time posi-
tion assigned to the called line to determiine the idle or
busy condition of that line; transmitting busy tone carry-
ing selector return signal pulses to the call forwarding
selector in the pulse time position assigned to the con-
nector 1315 in the event the called line tests busy, to
inform the calling subscriber of this condition; trans-
mitting a party line ringing signal in accordance with
the identity of the called substation association with the
called line to the line circuit terminating the called line
in the event the called line tests idle; concurrently trans-
mitting selector return signal pulses which are modulated
with a corresponding ringback tone signal to the call for-
warding selector in the pulse time position assigned to
the connector 1315, to inform the calling subscriber that
the called line is being rung; and terminating the party
line ringing signal and concurrently terminating ring-
back tone signal modulation in response to answering of
the call at the called party line substation. The con-
nector 1315 also transmits an extinguishing pulse over
the conductor i31e to the acceptor 1314 at the end of
a conversation timing interval to cause the link 131 to
release independently of the calling and called subscrib-
ers. The connector 1315 is also arranged to release in
response to the release of a connection involving the
link 131 at the called substation.

To perform the above-mentioned functions in the man-
ner fully explained below, the connector 1315, as dia-
gramatically illustrated. in Figs. 4B and 4C, is provided
with a calling line in gate circuit 407 which responds to
acceptor gate pulses transmitted to the connector over
the conductor 131d to repeat selector forward signal
bearing pulses delivered thereto from the call forwarding
selector in the pulse time position assigned to the con-
nector 1315, and a calling line reconstructor circuit 408
having the function of detecting or reconstructing and
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storing the intelligence carried by the selector forward
signal bearing pulses transmitted to the selector from the
call forwarding selector in the pulse time position as-
signed to the connector 131b. The connector 131b
further comprises a called line out gate circuit 424 for
gating to the distributor 15b connector signal pulses
carrying the intelligence reconstructed by the circuit 408
in the time position assigned to a particular called line
within the second hundreds group 13. 1In addition, the
connector 131b includes a called line in gate circuit 423
for repeating multiplexer pulses from the multiplexer 115
in the pulse time position assigned to the called line
which bear intelligence or control signals derived from
the called line, a called line reconstructor circuit 422
for detecting or reconstructing the intelligence or con-
trol signals gated by the called line in gate circuit 423,
and a calling line out gate circuit 426 which is con-
trofled in accordance with the detected intelligence
stored in the circuit 422 and by the acceptor gate pulses
delivered to the connector over the conductor 131id to
gate to the call forwarding selector signal bearing selec-
tor return pulses which occur in the time position as-
signed to the connector 131b. More generally, the three
circuits 407, 408 and 424 function to repeat intelligence
from the call forwarding selector to the called line,
whereas the three corresponding circuits 423, 422 and
426 function to repeat to the call forwarding selector
intelligence derived from the called line. . .

The connector 1315 is adapted for party line service
and additionally comprises a plurality of components
for responding to three digits (second, third and fourth)
of dial pulses repeated to the connector on selector for-
ward signal pulses occurring in the pulse time position
assigned to the connector 131b, the last digit correspond-
ing to the particular party line ringing signal assigned
to the called party line substation. In general, the dial
pulse responsive equipment of the connector 131h com-
prises a dial impulse integrator circuit 409 which re-
ceives dial impulses from the reconstructor circuit 468,
tens, units, and party inverter circuits 460, 461 and 452,
respectively, to which pulses are repeated by the dial im-
pulse integrator circuit 499, tens, units, and party digit
registers 411, 415 and 465 which are respectively con-
trolled in accordance with the numerical values of the
tens, units and party digits repeated to the circuits 469,
461 and 462 from the integrator circuit 409; tens, units
and party register pulsers 416, 414 and 463 which are
respectively interposed between the inverter circuit and
the digit register of the tens, units and party digit chan-
nels; and the tens, units and party sequence timing cir-
cuits 412, 416 and 464 which, in effect, function as digit
counting components of the connector, ie., initiate cer-
tain operations at the end of the tens, units and party
digits dialed into the connector.

The connector 131 further comprises a connector
pulse forming circuit 417 which is controlled in accord-
ance with the settings imparted to the tens and units
registers 411 and 415 at the end of the units digit to
produce connector pulses which are employed to controi
the circuits 422, 423 and 424 in the transmission of
intelligence and control signal information from the con-
1ector 1315 to the distributor 155 in the pulse time posi-
tion assigned to the called line.

The busy test facilities of the connector 131p comprise
a busy test circuit 418 jointly controlled by the connector
pulse forming circuit 417 and busy pulses transmitted
to the connector over the common busy pulse in con-
ductor 293b in the second hundreds group 13, a busy
lock circuit 419, and a busy gate circuit 420. The
trunk hunting facilities of the connector comprise a
trunk hunting control circuit 483 jointly controlled by
the connector pulse forming circuit 417, the units se-
quence timing circuit 416, busy pulses transmitted to
the connector over the common busy pulse in con-
ductor 2035, and trunk marking pulses transmitted to
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the comnector over. the common trunk marking pulse
conductor 2060, from the trunk marking pulse genera-
tor 194b in the second hundreds group 13; a units Teg-
ister advancer 481; and a tens register advancer 480,

The conversation timing facilities of the connector 131b
comprise a conversation timing warning tone circuit 484
jointly controlled by the party digit register 465, the ring
trip circuit 421, and a warning tone signal transmitted
to the connector over the common conductor 58a; a
party register advancer 482; and. a conversation timing
control circuit 485, the circuit 485 operating to produce
an extinguishing pulse at the end of a predetermined
conversation period which is transmitted .to the +B
switching circuit 401 in the acceptor 131a to- effect re-
lease of the link 131, as will be described in more detail
hereinafter.

In addition, the connector 1315 comprises the super-

" visory tone gate circuits 425, having the function of

gating a busy tone to the calling line by way of the call
forwarding selector and include a ringback tone gate cir-
cuit having the functions of gating a particular party
line ringback tone signal selected by the party digit
register 465 in accordance with the identity of the called
substation and transmitting a ringing control signal to
the called line out gate circuit 424; a code start circuit
468 which performs the function of delaying the trans-
mission of the selected party line ringback tone signal
through the ringback tone gate circuit until the start of
each ringing period in the ringing cycle; and a ring trip
circuit 421 which is assigned the function of terminating
ringing current transmission to the called substation when
a call answering operation is performed at the called
substation.

Generally considered, the common equipment 17,
which is shown diagrammatically in the horizontally ar-
ranged Figs. 10, 11 and 12, includes a master oscillator
18 designed to operate at a fixed high frequency (prefer-
ably one megacycle) and having its output terminals
arranged to control a phase shifter and pulse former
19 and a pulse forming circuit 1%4. In the present sys-
tem the master oscillator 18 is common to ‘all of the
line and linkage equipment of the one thousand line sys-
tem. As controlled by the master oscillator 18, the
phase shifter and pulse former 19 functions continu-
ously to develop two:identical trains of shaped pulses
having a common pulse frequency of one megacycle,
which are transmitted over the channels 4§ and 41, re-
spectively, to a linkage sampling pulse drive circuit 49q
and a commutator drive circuit 25.  The phase relation-
ship between the pulses respectively produced in the
channels 40 and 41 by the network 19 may be shifted
as desired through .adjustment of certain of the compo-
nents of this network. The pulse forming circuit i9q
functions to develop a train of shaped pulses having a
repetition rate of one megacycle which is transmitted
over the conductor 18b to a units pulse ring circuit 20.
The units pulse ring circuit 28 functions sequentially - to
develop the units pulses which define the pulse time
positions of each pulse frame, appear on the conductors
within the cable 31, and are fed by way of these con-
ductors to the various intelligence transmitting and con-
trol components of the system. More specifically, the
cable 31 comprises ten units pulse conductors 31g, 31—
31j over which positive units pulses are sequentially trans-
mitted. in the order named to the gate circuits of each
of the distributors 154, 15b-15j, to each of the trunk
marking pulse generators 194, 1945-194j, to the units
coincidence tube circuits 384 in each of the finders of
the system, to the connector coincidence tube circuits
387 in each of the selectors of the system, and to the
units digit registers 415 in each of the. connectors of the
system.

In addition, certain ones of the positive units pulses
are impressed upon different ones of the acceptors. of
the system to establish in conjunction with tens pulses
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impressed upon these acceptors the individual pulse tinte
positions which are assigned to and identify each of the
acceptor—connector links of ‘the system. Thus, consid-
ering for example the first hundreds group 12, the ac-
ceptor 121a in the first link 321 has impressed thereon
the positive units pulses from the first units pulse con-
ductor 31a, the acceptor 1234 in the second link 123
thereof has impressed thereon units pulses from the sec-
ond units pulse conductor 31b, and the acceptor 125«
in the last link 125 in the ﬁrst hundreds group 12 has
impressed thereon units pulses from the tenth conductor
31j, based on the assumption that ten acceptor-connector
links are provided to serve the first hundreds group 12.
In a similar manner, the units pulse conductors are indi-
vidually connected to the acceptors 131a, 1334 and 135«
in the second hundreds group 13 and to each of the
additional hundreds groups so that each one of the ac-
ceptors of the system is assigned a different time posi-
tion in the basic pulse time position frame. The units
pulses appearing on the pulse conductors 31a, 315-31j are
also transmitted to the pulse gate circuits of a channel
pulse commutator 22 and the positive units pulses de-
veloped upon the two conductors 31a and 31f are also
employed to control or synchronize a supervisory car-
rier supply circuit 26.

The positive units pulses are sequentially developed
on the units pulse conductors 31a, 315-31j, inclusive,
at a frequency rate of one hundred kilocycles, and each
tenth' positive units pulse, i.e., each pulse appearing on
the units pulse conductor 31j, is used to step or trigger
a tens pulse ring circuit 21 having the function of devel-
oping positive tens-pulses, each of which spans the time
interval of ten successive units pulses. The positive tens
pulses, as sequentially produced by the ring circuit 21
on the tens pulse conductors 324, 325-32j forming the
illustrated cable 32, are supplied to the gate circuits of
the multiplexers 1la, 115-11j, the gate circuits of the
distributors 154, 156—15j, the trunk marking pulse gen-
erators 194a, 1945—194j, the tens coincidence tube cir-
cuits 303 in each of the finders of the system, the hun-
dreds digit registers 311 of each of the selectors of the
system, and the tens digit registers 411 of each of the
connectors of the system, all in the manner more fully
explained below. In addition, the positive tens pulses
produced on the tens pulse conductors 32a, 32b-32j are
individually impressed upon -different ones of the ac-
ceptors of the system to establish together with the units
pulses impressed upon these acceptors the particular
pulse time position which is assigned to and identifies
each of the acceptor-connector links of the system. For
example, the acceptors 121a, 123z and 1254 in the first
hundreds group 12 have impressed thereon positive tens
pulses from the first tens pulse conductor 32a2. Likewise,
the acceptors 131a, 133¢ and 135¢ in the second hun-
dreds group 13 have impressed thereon the positive tens
pulses from the second tems pulse conductor 32b. Fi-
nally, the acceptors 141a, 1434 and 145z in the tenth
hundreds group 14 have impressed thereon the tens pulses
appearing on the tenth tens pulse conductor 32j. In this
connection, it will be understood that the tens pulses
appearing on the other tens puise conductors 32¢-32i,
inclusive, are respectively impressed upon the acceptors
in the seven hundreds groups not shown in the drawings.

As controlled by the positive units pulses derived from
the units pulse ring circuit 2@ and the commutator drive
pulses derived from the commutator drive circuit 25,
the channel pulse commutator 22 functions successively
to. develop  very narrow channel pulses on the channel
pulse conductors 34a, 34b-34j forming the illustrated
cable 34 which are fed to the gate circuits in the multi-
plexers 11aq, 11b-11j. These channel pulses occur at
the same frequency as the units pulses but are much
narrower in width. For example, the channel pulses

“appearing on the conductor 34¢ are much narrower than

the units pulses appearing on the positive units pulse
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conductor 31a and are preferably so phased relative to
the units pulses that each channel pulse occurs well
within the limits of the coincident positive units pulse.
Linkage sampling pulses as derived from the linkage sam-
pling pulse drive circuit 48a are transmitted over the con-
ductor 49b to the forward and return out gate circuits
324 and 326 in each of the selectors of the system, and
to the connector pulse forming circuit 417 and the calling
and called line out gate circuits 424 and 426 in each
of the connectors of the system.

In order to provide facilities for effecting party line
ringing of the called substation on either a fully selective
or a semi-sélective harmonic tinging basis, the common
equipment 17 further includes a harmonic ringing oscil-
lator 97, which functions independently of the other com-
ponents of the system, and is designed to operate at an
audio frequency (preferably 1200 cycles) which is suit-

~ able for subdivision into a group .of harmonically re-
lated ringing frequencies. The oscillator 97 is connected

over the conductor 162 to a harmonic ringing frequency “

generator 98 which operates under the control of the 1200
cycle signal from the oscillator 97 to develop five contin-
uous wave ringing signals of different frequencies which
are suitable for exciting the ringing facilities of five dif-
ferent substations connected to one of the lines of the
system. In the illustrated embodiment the ringing fre-
quencies developed by the generator 98 correspond to the
frequencies of the conventional harmonic ringing series
so that conventional frequency sensitive harmonic ringers
may be employed in the substations of the system. Thus,
continuous wave signals having the frequencies 1624 c.p.s.,
25 c.p.s.,33%5 c.p.s., 50 c.p.s., and 6624 C.p.s. are respec-
tively impressed upon the output conductors 103-107,
inclusive, of the generator 98.

The common equipment 17 further comprises the har-
monic ringing code forming circuit 29 which operates in-
dependently of the other components of the system to
develop two different party line code ringing signals dur-

ing each of five successive ringing periods, which periods .

recur during the repetitive ringing cycles established by
the circuit 99. In the illustrated embodiment each ring-
ing period lasts for approximately 134 seconds and is
separated from the adjacent ringing periods by a-short
guard interval, the over-all ringing cycle being.approxi-
mately 7%5 seconds long. During each of the five ring-
ing periods the code forming circuit 99 produces both a
long ringing pulse, which lasts for 1% seconds; and two
short ringing pulses each of ¥ second duration separated
by a %5 second silent period. The series of ten coded
ringing pulses formed by the circuit 99 are used to control
a harmonic ringing modulator circuit 108 wherein the
1% second ringing pulses are used as gating pulses se-
quentially to gate to a common output conductor 188
the different ringing frequencies impressed on the con-

ductors 183-107, inclusive, by the generator 98, and the ¢

multiplexed ringing frequencies thus impressed on the
conductor 168 are transmitted to a harmonic ringing am-
plifier and supply circuit 161. The common equipment
17 also includes a ringback tone generator 2%¢ which
performs the function of developing a continuous audible
ringback tone signal (preferably 200 c.p.s.) “which is
supplied over the conductor 275 to the harmonic ringing
modulator circuit 100. Each one of the ten codes formed
by the circuit 99 js used to develop corresponding pulses
of ringback tone on the ten ringback tone conductors
48a-48j, inclusive, which- form the illustrated ringback
tone cable 48. -These coded ringback - tone pulses are
transmitted over the cable 48 to the party digit registers
465 in each of the connectors of. the system. The har-
monic ringing amplifier and supply circuit- 191 filters and
amplifies the multiplexed ringing frequencies ‘transmitted
thereto over the conductor 188, and provides a combined
bias voltage and multiplex ringing current sourqé which
is connected to each of the line circuits of the system
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over the common multiple conductors 61a and 615 form-
ing the illustrated cable 61.

In order to mark certain consecutively numbered
groups of the lines in each hundreds group as trunks,
there is provided the trunk marking pulse generators 194q,
1945-194j, inclusive, which are individually associated
with each hundreds line group. Each of the trunk mark-
ing pulse generators is jointly controlled by the positive
units pulses transmitted thereto over the cable 31 and the
positive tens pulses transmitted thereto over the cable 32
and develops on the common output conductors 286,
2665-206j, inclusive, thereof, trunk marking pulses which
appear-in the time positions assigned to each of the lines
in each trunk group with the exception of the last line
in each group which is unmarked. The trunk marking
pulses produced on the conductors 2864, 2065-206j, in-
clusive, are respectively impressed upon the trunk hunt-
ing control circuits 483 in each of the connectors in the
associated hundreds group. Thus, the trunk marking
pulses produced on the conductor 206a are impressed
upon the trunk hunting control circuits 483 in the con-
nectors 1215, 1235-125b in the first hundreds group 12.

To provide a trunk hunting arrangement wherein the
tens and units digit registers of the connectors are suc-
cessively driven to different settings to hunt for an idle
line, there is provided in the common equipment 17 a
trunk hunting drive pulse generator §9 which operates
independently of the other components of the system to
develop positive trunk hunting drive pulses of relatively
short duration which recur at a relatively low rate (pref-
erably in the order of 100 pulses per second) which are
impressed on the common conductor 59a and are con-
nected by way of this conductor to the units register ad-
vancers 481 in each of the connectors of the system.

In order to provide facilities for timing the conversa-
tion period and for warning the calling and called line
subscribers when the call is about to be terminated, the
common equipment 17 includes a conversation timing
pulse generator 57 and a conversation timing warning
tone generator 58. The timing pulse generator 57 op-
erates independently of the other components of the sys-
tem to develop relatively narrow, positive, conversation
timing pulses which preferably have a repetition rate of
about one every 40 seconds and are connected by way of
the common conductor 57a to the party register advancers
482 in each of the connectors of the system. The con-
versation timing warning tone generator 58 also operates
independently of the other components of the system to
develop a continuous wave warning tone signal (prefer-
ably 400 c.p.s.) which is connected by way of the com-
mon conductor 58a to the conversation timing warning
tone circuits 484 in each of the connectors of the system.

The common equipment 17 also includes a busy tone
generator 29q, preferably having a 60 i.p.m. rate, which
is used for line busying supervisory signals, the output
of the generator 294 being connected by way of the com-
mon conductor 46 to the supervisory tone gate circuits
425 in each of the connectors of the system, a busy tone
generator 294, preferably having a 120 i.p.m. rate, which
is vsed for linkage busying supervisory signals, the out-
put of the generator 294 being connected by way of the
conductor 49 to the busy tone gate circunits 3254 in each
of the selectors of the system and to the all links busy
circuits 1924, 1925-192j in each hundreds groups; and a
dial tone generator 29h which is connected by way of
the common conductor 47 to the dial tone gate circuits
325 in each of the selectors of the system. The common
equipment 17 further comprises a selector allotting cir-
cuit 28h which is controlled by tens pulses transmitted
thereto from the tens pulse ring 21 by way of the con-
ductor 32, and functions sequentially to apply selector
allotting pulses to the one hundred output conductors
thereof 20-1, 20-2, 20-3 to 20-109, inclusive, which to-
gether comprise the illustrated cable 20¢. Each of the

-conductors 20-1, 20-2, 20-3 to 20-109, inclusive, is con-
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nected to ‘one of the selectors of the system and transmits
selector allotting pulses to the idle pulse gate circuit 395
to this selector. These selector allotting pulses are of
one pulse frame duration and function sequentially to
enable the one hundred selectors of the system to select
- an idle acceptor-connector link in the called hundreds line
group. With this arrangement, two or more selectors
cannot compete for an idle acceptor-connector link in the
same called hundreds line group and double connections
are avoided.

The common equipment 17 also comprises a super-
visory carrier supply circuit 26, which is synchronized
with the units pulse ring 29 over the conductors 31a-and
31# and ‘functions to develop a relatively high frequency
(preferably 100 kilocycles) carrier voltage which is con-
nected over the common conductor 39 to each of the
line circuits of the system.

In order to render the mode of operation of the system
more readily understandable, a pulse chart has been illus-
trated in Figs. 24 to 27, inclusive, to show the relative
widths of the pulses developed by the common equipment
components 19, 194, 20, 21 and 22 during two successive
pulse frames, as well as the time or phase relationship be-
tween the pulses. As there shown, the units pulse ring
drive pulses 954; appearing on the conductor 19b are
produced by the pulse forming circuit 19a along the zero
potential ‘reference line 95 at a frequency rate of one
megacycle and are of positive polarity. Similarly, the
channel pulse commutator drive pulses 96a appearing on
the conductors 41 and 35 and the linkage sampling pulses
96b appearing on the conductors 49 and 46b are pro-
duced by two separate channels of the phase shifter and
pulse former network 19 at the same frequency of one
megacycle and are of positive polarity. It will be noted
that the units pulse ring drive pulses 954, the commutator
drive pulses 964 and the linkage sampling pulses 965 are
all very narrow, i.e., persist for very short time intervals,
and that the pulses $6a and 965 are displaced in time rela-
tive to the pulses 95a. As shown in Fig. 24A of the

© drawings wherein a few of the pulses 95a, 964 and 965
are shown on an enlarged scale to illustrate the phase re-
lationship therebetween, each commutator drive pulse %$6a
occurs during the first half of the period separating the
preceding and succeeding units pulse ring drive pulses
954, and preferably occurs one-quarter microsecond after
the corresponding units pulse ring drive -pulse 95a. The
linkage sampling pulses 96b are also displaced in time
relative to the pulses 95a and each linkage sampling pulse
ocoars just slightly before the middle of the period sepa-
rating the preceding and succeeding units pulse ring
drive pulses 95a. ) - s

In this connection, it will be understood that the phas-
ing of the pulses 96a and 96b relative to the pulses 95a
may be independently controlled so that the pulses 96a
and 96b can have different phase relationships with re-
spect to the pulses 95a. - By providing separate channels
in the circuit 19 for the relative phasing of the pulses 96a
and 965, the circuit delays encountered in the system can
be compensated. Thus, the commutator drive pulses 964,
in traversing the circuits of the channel pulse commutator
22 suffer a time delay so that the channel pulses produced
by the commutator 22 are delayed relative to the com-
mutator drive pulses 96a. Also, these channel pulses, in
traversing the circuits of -the multiplexer 11, suffer an

additional time delay in being. converted to multiplexer
pulses. - The total time delay between the commutator
drive pulses 96a and the resulting muiltiplexer pulses is
quite appreciable and, in order to position the multiplexer
pulses substantially in the center of the units pulses pro-
-duced by the units pulse ring 20, the setting ‘of the phase
shifter and pulse former 19 is adjusted so that the com-
mutator drive pulses 96a are generated approximately one-
quarter microsecond after the units pulse ring drive pulses
954. On the other hand, the linkage :sampling pulses,
which are transmitted directly. to the selectors and con-
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nectors of the system, encouater only a very slight delay
in the out gate circuits of these system components so
that the other channel of the phase shifter and pulse
former 19 is adjusted so that the linkage sampling pulses
96b are produced just slightly ahead of the middle of the
periods separating the preceding and succeeding units pulse
ring drive pulses 95a.

The positive units pulses appearing respectively on the
units pulse conductors 3ia, 31b—31j are produced along
the zero potential reference lines 62, 63-71. It will be
noted that the units pulses are produced by the units pulse
ring circuit 26 at the fundamental frequency rate of one
megacycle. However, due to diversion of the pulses suc-
cessively to different ones of the units pulse conductors
a, b-j, the pulses along any particular zero potential ref-
erence line, such, for example, as the line 62, recur only
at a frequency rate of one hundred kilocycles. It will also
be noted that the units pulses are successively produced on
the units pulse conductors 31a to 31j, inclusive, in the
order of alphabetical designation of these conductors.
Thus, successive positive units pulses produced along any
patticular zero potential reference line, as, for example,
those occurring during the units pulse periods 62a, 625,
62c, etc., along the potential reference line 62, are sepa-
rated by a time interval equaling the sum of mine units
pulse time positions and during which units pulses are
produced successively along each of the nine other zero
potential reference lines.

The positive tens pulses successively produced by the
tens pulse ring circuit 21 on the tens pulse conductors 324,
325-32j are illustrated as appearing along the ten zero
potential reference lines 72 to 81, inclusive. It will be
noted that each tens pulse persists for a time interval ex-
actly equaling the time required to produce ten umits
pulses. Thus, the tens pulse period 72a persists for the
duration of the interval in which the ten units pulses 62a—
71a are. successively produced by the units pulse ring cir-
cuit 20. It will also be noted that the starting point of
each tens pulse period 72a, 73a, 74a, etc., is exactly
coincident with the starting points of the units pulses 624,
62b, 62c, etc., appearing along the zero potential refer-
ence line 62 and impressed upon the units pulse conductor
314, by the units pulse ring circuit 20. Further, each
tens pulse period terminates at the exact instant of termi-
nation of the units pulses 71a, 71b, 71c, etc., appearing
along the zero potential reference line 71 and produced
by the units pulse ring circuit 28 on the conductor.

The channel pulses which are successively produced on
the ten channel pulse conductors 34a, 34b-34j by the
channel pulse commutator 22 and are transmitted to the
multiplexers. 11a, 11511 for signal beating purposes in
the manner indicated above and to different ones of the
acceptors. of the system for idle pulse gemeration in the
manner described generally above, are of positive polarity,
are produced along the zero potential reference lines 82
to 91, inclusive, and occur in time coincidence with the
commutator drive pulses 96a appearing along the zero
potential reference line 96. Like the units pulses, the
channel pulses are produced at the fundamental frequency
rate of one megacycle, but due to the action of the com-
mutator 22 in diverting these pulses successively to the
conductors 34a, 34b—34j, recur only on each of these
conductors at a rate of one hundred kilocycles. Thus,
the channel pulses 82a;, 82b, 82c, et cetera, appearing
along the reference.line 82 and impressed on the con-
ductor 34aq are spaced apart timewise by like intervals
each of which exactly equals the sum of ten units pulse
time periods. During this spacing interval, nine addi-
tional channel pulses are successively produced along the
reference lines 83, 84-91 to appear on the conductors 34b,
34c-34j. It will also be noted that the channel pulses are
very narrow in width, having a persistence interval of the
order of one-fifth the persistence interval of the units
pulse time period. ‘Moreover, each channel pulse occurs
well within the limits and preferably within the first half
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of each units pulse. ‘This is accomplished by utilizing the
channel pulse commutator drive pulses developed on the
conductor 35 and appearing along the zero potential
reference line 96, which are displaced timewise relative
to the units pulse ring drive pulses 954, as shown in Fig.
24A, to open the gating circuits of the channel pulse com-
mutator 22. The purpose of thus positioning the signal
bearing pulses in the units pulse time positions is that of
insuring transmission of these pulses through the units gate
circuits of the signal handling components of the system
while these gate circuits are open despite slight variations
in the relative positions of the units pulses and the signal
bearing pulses occasioned by circuit delays.

With the above general description of the pulse chart
illustrated in Figs. 24-27, inclusive, in mind, it will readily
be understood that each pulse frame is divided into one
hundred readily identifiable pulse time positions. Thus,
the first ten pulse time positions of each pulse frame are
defined by the first tens pulse period 72z of the frame
within which the ten units pulse periods 624, 634, 64a~71a
occur. These ten units pusle time positions are respec-
tively assigned to the first ten lines in each hundreds line
group of the system. Thus, in the first hundreds group 12
the lines having the directory number designations 111,
112, 113, 114, 115, 116, 117, 118, 119 and 110 have
respectively assigned thereto the ten units pulse periods
62a, 63a, 64a-7T1a. Likewise, in the second hundreds
group 13 the first ten lines having the directory number
designations 211, 212, 213, 214, 215, 216, 217, 218, 219
and 210 have respectively assigned thereto the same ten
units pulse periods 62a, 63a, 64a-Tla. Similarly, each
first group of ten lines in each hundreds line group has
respectively assigned thereto the first ten wunits pulse
periods in each pulse frame. . B

Similarly, the second ten units pulse time positions are
defined by the second tens pulse period 73« during which
the ten units pulse periods 62b, 63b, 64b-T1h occur.
These units pulse periods are assigned to the second group
of ten lines in each of the hundreds group of the system.
Thus, in the first hundreds group 12 the second group of
ten lines having the directory number designations 121,
122, 123, 124, 125, 126, 127, 128, 129 and 120 have
respectively assigned thereto the ten units pulse periods
62b, 63b, 64b-71b. In the second hundreds group 13
the second group of tens lines having the directory num-
ber designations 221, 222, 223, 224, 225, 226, 227, 228,
229 and 220 have respectively assigned thereto the same
ten units pulse periods 625, 635, 64b—71b.

Thus, it will be understood that the pulse time position
of each pulse frame which is assigned to the line No. 123
in the first hundreds groups 12 occurs durirng the second
tens pulse interval 73a of each pulse frame and is coinci-
dent with the units pulse period 645 of each pulse frame.
It will also be apparent that the corresponding channel
pulse 84b occurs well within the limits of this pulse time
position. Similarly, the pulse time position assigned to
the illustrated line No. 232 in the second hundreds group
13 occurs during the third tens pulse time interval 74a of
each pulse frame and is coincident with the second units
pulse period 3¢ of each pulse frame. Here again each
channel pulse 83¢ corresponding to the line No. 232 in
the hundreds group 13, occurs well within the limits of
the particular time position assigned to the line No..232 in
each pulse frame.

From the foregoing general description of the pulse
chart illustrated in Figs. 24 to 27, inclusive, it will further
be understood that each group of ten units pulses which
occur during a particular tens pulse interval, is assigned
to one of the hundreds groups of the system to identify
individual ones of the ten acceptor-connector links serving
this hundreds group. Thus, in the first hundreds group 12
the first acceptor-connector link 121 is arbitrarily assigned
the first units pulse period 62a which occurs during the
first tens pulse period 724 of each pulse frame. Like-
wise, the second acceptor-connector link 123 is assigned
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the second units pulse period 63a which occurs during the
first tens pulse period 724 of each pulse frame. Finally,
the last acceptor-connector link 125 in the first hundreds
group 12 is assigned the tenth units pulse period 71a
which occurs during the first tens pulse period 72a of each
pulse frame, it being understood that a series of ten accep-
tor-connector links are provided in the first hundreds group
12 each of which is assigned one of the ten units pulse
periods which occur during the first tens pulse period 72a.
In this connection, it will be understood that the assign-
ment of units pulse periods to different acceptor-connector
links serving the same hundreds group is only done on an
arbitrary basis within a given tens pulse interval so that
each tens pulse interval represents a group of acceptor-
connector links serving one particular hundreds line
group. With this arrangement, access may be had to
a group of acceptor-connector links serving a desired
hundreds group by selecting the tens pulse interval as-
signed to this group in response to dialing of the first, or
hundreds digit at the calling substation, as will be de-
scribed in more detail hereinafter.

In the second hundreds group 13, the first acceptor-con-
nector link 131 has assigned thereto the first units pulse
period 62b which occurs during the second tens pulse
period 73a of each pulse frame, the second acceptor-con-
nector link 133 has assigned thereto the second units pulse
period 63b which occurs during the second tens pulse
period 73a and the last acceptor-connector link 135 has
assigned thereto the tens units pulse period 716 which
occurs during the second tenms pulse period 734. In an
entirely similar manner, the acceptor-connector linkage in
each of the remaining hundreds line groups has individual-
ly assigned thereto different units pulse periods within a
given tens pulse interval. From the foregoing, it will be
apparent that the pulse time position of each pulse frame
which is assigned to the first acceptor-connector link 131
in the second hundreds group 13 occurs during the
second tens pulse interval 73a of each pulse frame and is
coincident with the units pulse period 625 of each pulse
frame. Tt will also be apparent that the corresponding
channel  pulse 825 occurs well within the limits of the
pulse time position 625.

In order further to render the mode of operation of the
fully selective or semi-selective harmonic ringing system
in the one thousand line system of the present invention
more readily understandable, a harmonic code sequence
chart has been illustrated in Fig. 28 to show the time and
phase relationship of the signals developed by the har-
monic ringing code forming circuit 99 and the harmonic
ringing modulator circuit 100 in the common equipment
17 during one harmoric ringing cycle. As there shown,
the code forming circuit 99 develops a series of long
ringing pulses 165, 166, 167, 168 and 169 on five different
output code buses thereof which recur in succession dur-
ing successive harmonic ringing cycles of approximately
7% seconds duration. The long ringing pulses 165-169,
inclusive, define a succession of five ringing periods which
are separated by guard intervals 186 of relatively short
duration. The code forming circuit 99 also operates to
produce on five other code buses thereof a pair of short
ringing pulses during each ringing period. Thus, the cir-
cuit 99 develops the short ringing pulses 170 and 171 dur-
ing the first ringing period, the pulses 172 and 173 dur-
ing the second ringing period, the pulses 174 and 175
during the third ringing period, et cetera. In addition, the
code forming circuit 99 develops the positive code start
pulses 180 (Fig. 28(11)) which occur substantially at the
end of each of the guard intervals 186. The code start
pulses 180 are transmitted over the common conductor 5
to each of the connectors of the system to delay the selec-
tion of a particular party line ringing signal until the end
of a particular ringing period.

The long ringing pulses 165 are employed in the har-
monic ringing modulator circuit 100 successively to gate
different ringing frequencies to the common output con-
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ductor 108 and the composite or multiplexed ringing fre-
quency signal is filtered in the harmonic ringing amplifier
-and supply circuit 101 so as to provide a ringing voltage
wave form substantially as shown in Fig. 28(12)... Thus,
:during the first ringing period the ringing pulse 165 is used
to gate a 6624 c.p.s. ringing voltage to the common con-
ductor 108, After the guard interval 186, the ringing
pulse 166 is employed to gate a 50 c.p.s. ringing voltage
to the conductor 108 during the second ringing period.
Likewise, the successive ringing pulses 167, 168 and 169
are employed successively to gate to the common ocutput
cconductor 108 ringing voltages having frequencies of
3315 ¢c.p.s., 25 c.p.s. and 1625 c.ps.

In order to produce ringing control signals which may

‘be used to control the application of ringing current to the
«called line during the particular ringing period and in ac-
icordance with the particular ringing code assigned to the
-<called. substation connected thereto, and also to produce
concurrently therewith corresponding ringback tone sig-
nals which may be used to advise the calling line sub-
scriber that the called line is being rung in a particular
code sequence, the long ‘and short ringing pulses (Figs.
28(1)—(10), inclusive) developed by the harmonic ring-
ing code forming circuit 99 are used individually to gate
to the output conductors 484-48j, inclusive, a ringback
tone signal for the duration of each ringing pulse. Thus,
the ringing pulse 165 developed in the code forming cir-
cuit 99 is used to develop a ringback tone signal 165a
which persists for the duration of the first ringing period.
Likewise, the short ringing-pulses. 17¢ and 171 are em-
ployed to produce the ringback tone signals 1702 and
171a which have a duration of one-half second and are
separated by a one-half second silent interval, the signals
176a and 171a also occurring during the first ringing
period. In the same manner, the pulses 166, 172 and 173
are employed to develop the corresponding ringback tone
signals shown in Figs. 28(15) and (16) during the second
‘ringing period. In a similar manner, the long and short
‘ringing pulses which are produced during the third, fourth
and fifth ringing periods are employed to produce the
ringback tone signals shown in Figs. 28(17)—=(22), inclu-
sive. .
' With ‘the above general description of the harmonic
code sequence chart illustrated in Fig. 28 in mind, it will
readily be understood that each harmonic ringing cycle is
divided into five successive ringing periods and during each
ringing period there is produced a first party line ringing
signal consisting of one long ringing pulse, and a second
party line ringing signal consisting of two short pulses,
each party line ringing signal being repeated at approxi-
mately 7% second intervals. In the event that a maxi-
mum of five substations are associated with any one line
of the system, only the long ringing pulses 165-169, inclu-
sive, need ‘be employed and under these conditions the
first ‘substation would be provided with ringing facilities
which are responsive to a 662 c.p.s. ringing current, the
second substation would be provided with ringing facili-
ties which are responsive to 50 c.p.s. ringing current, the
third substation would be provided with ringing facilities
responsive to 3314 c.p.s. ringing current, the fourth sub-
station would be provided with ringing facilities responsive
to 25 c.p.s. ringing current, and the fifth substation would
be provided ‘with ringing facilities responsive to 1634
c.p.s. ringing current. The five substations would be as-
signed different fourth digit: directory number designa-
tions and one of the ringback tones 165a-1694, inclusive,
would be selected in the connector in response to the dial-
ing of a fourth digit at the calling substation. ' If, for
example, a substation having ringing facilities responsive
to 6624 c.p.s. ringing current is selected in the connector,
the ringback tone signal 1654 is selected and is used to
control the application of ringing current so that only the
'66% c.ps. signal 181 (Fig. 28(12)) is applied to the
called line and only the substation having ringing facilities
which respond to this ringing frequency will be rung.
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In the event that more than five substations up to ‘A
maximum of ten are associated with one of the lines of
the system, the substations are divided into pairs and each
pair of substations is provided with ringing facilities re-
‘sponsive to the same ringing frequency. Thus, the sub-
stations ¥ and G associated with the line No. 232 and
assigned the directory number designations 2321 and
2322 would both be provided with ringing facilities re-
sponsive to the same ringing current, for example, a 663
c.p.s. ringing current. If the calling subscriber wishes to
call substation F, he dials 2321 and the connector responds
to the fourth digit of “1” by selecting the ringback tone
signal 165a so that a 6624 c.p.s. ringing current is trans-
mitted over the called line 232 during the entire first ring-
ing period. Only the ringers at the substations F and G
will then be rung for a period of approximately 12 sec-
onds and the subscriber at the substation F will know
that the call is intended for him. On the other hand, if
the calling subscriber wishes to call the substation G asso-
ciated with the line No. 232, he dials the number 2322 and
the connector responds to the fourth digit of “2” by select-
ing the ringback tone signal consisting of the short pulses
170g and 171a which control the application of 66%; c.p.s.
ringing current to the line 232 so that the ringing facilities
at both the substations F and G are rung in two short
rings. The subscriber at the substation G is then notified
that his substation is being rung.

In a similar manner, the remainder of the substations
on the line No. 232 are paired and provided with ringing
facilities responsive to the other four ringing frequencies.
However, it will be understood that certain ones of the
lines of the system may be adapted for private service, in
which case, the private line will, of course, have only one
substation associated therewith. Thus, in the illustrated
embodiment the line No. 123 is adapted for private service
and has associated therewith only the one substation A
to which is assigned the directory number designation
1231. When the line No. 123 is called by dialing the
number 1231, the connector responds to the fourth digit of
“1” by transmitting a 6624 c.p.s. ringing current over the
line No. 123 and the substation A is provided with ring-
ing facilities responsive to this ringing current so that the
substation A is rung during the first ringing period of each
harmonic ringing cycle. ‘ ’

In order to render the mode of operation of the trunk
hunting facilities of the present invention more readily
understandable, a frunk marking pulse chart has been
illustrated in Fig. 29 to show the time and phase relation=-
ship of the trunk marking pulses developed by each of the
trunk marking pulse generators 194, 1945-194j, inclu-
sive, individually associated with each hundreds line
group. Referring to this figure, the one hundred time po-
sitions which comprise one pulse frame are illustrated as
a series of ten horizontal strings of blocks corrésponding
to the ten tens digit levels of the lines in each hundreds
line group of the system. In each of the blocks there is
shown the last two numbers of the line which is assigned
the corresponding units time position. Thus, in the first
hindreds line group 12 the first units time position 62a in
each time position frame is assigned to the line having the
directory number designation No. 111, the second units
time position 634 in each time position frame is assigned
to the line having the directory number designation No.
112, the third units time position 644 in each time position
frame is assigned to.the line having the directly number
designation No. 113, and the tenth units time position 71a
is assigned to the line having the directory number desig-
nation No. 110. In the second tens digit level, the
eleventh units time position 62b in each time position
frame is assigned to the line having the directory number
designation No. 121, and the twentieth units time position
71b in each time position frame is assigned to the line
having the directory number designation No. 120." Like~
wise, in the tenth tens digit level the ninety-first units time
position 62j in each time position frame is assigned to the
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line having the directory number designation No. 101 and
‘the one-hundredth units time position 71; is assigned to
the line having the directory number designation No. 100.

In order to mark certain lines of the hundreds group 12
as trunks, the trunk marking pulse generator 1944 selects
certain ones of the units pulses supplied thereto over the
multiple conductor cable 31 and gates the selected units
‘pulses by means of appropriate tens pulses supplied there-
to over the multiple conductor cable 32 to provide trunk
marking pulses which occur once in each time position
frame in particular units pulse time positions. As will
be described in more detail hereinafter, the last line in
-each trunk group is unmarked.

In the trunk marking pulse chart of Fig. 29 there are
'shown nine different trunk groups. One of these trunk
-groups is comprised of the lines having the directory
number designations No. 132 to No. 142, inclusive, and
‘the trunk marking pulse generator 194a operates to de-
velop trunk marking pulses during each of the time posi-
tions assigned to these lines except the last line No. 142
4in this trunk group. It will be evident from Fig. 29 that
this trunk group includes lines which are positioned in
different tens digit levels. Thus, the lines Nos., 132-139,
inclusive, and No. 130 are located in the third tens digit
level, whereas the lines Nos. 141 and 142 are located in
the fourth tens digit level. Since the line No. 142 is the
last line in this trunk group no trunk marking pulse is pro-
duced in the time position 634 assigned thereto. A second
‘trunk group is shown as comprising a group of thirty-two
lines starting with the line No. 145 and ending with the
Jine No. 176. Accordingly, trunk marking pulses are pro-
duced in all of the consecutive time positions assigned to
these lines except the last line No. 176. It will be noted
that this trunk marking group of thirty-five lines includes
dines having four different tens digit directory number des-
ignations. A third trunk group is illustrated as compris-
ing the lines Nos. 191, 192 and 193, the lines Nos. 191
-and 192 being marked by trunk marking pulses. In a simi-
Jar ‘manner, the lines Nos. 194, 195 and 196 comprise a
fourth trunk group, and the lines Nos. 197, 198 and 199
-comprise a fifth trunk group. The lines Nos. 190, 101 and
:102 comprise a sixth trunk group, only the lines Nos. 190
.and 101 being marked by corrésponding trunk marking
pulses produced in their respective time positions. A two-
“line trunk group is shown as comprising the lines Nos. 103
-and 104 constituting the seventh trunk group. The eighth
#runk-group includes a plurality of lines in the tenth tens
-digit level -and also a plurality of lines in the first tens
«digit level. - Thus, the eighth trunk group comprises the
lines Nos. 105 to 109, inclusive, 100, and 111-115, inclu-
sive. It will be noted that the eighth trunk group includes
lines in the last tens digit level as well as the first tens digit
devel so that the trunk hunting facilities of the system are
capable of hunting not only through different tens digit
levels but also from the last time position to the first time
position, i.e., from the time position 71j to the time posi-
tion 62a. A ninth trunk group is illustrated as compris-
ing the three lines Nos. 126, 127 and 128, the lines Nos.
-126 and 127 being marked by corresponding trunk mark-
ing pulses. ;

OPERATION OF THE SYSTEM AS A WHOLE

.- Considering now the general mode of operation of the
.one thousand line system of the present invention, it will
‘be assumed that the party line substation G (directory
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.No. 2322), connected to the line designated as No. 232

in the second hundreds group 13, is called from the pri-
vate substation A (directory No. 1231), connected to the
line designated as No. 123 in the first hundreds group 12,
_during a period when the finder-selector link 128 in the
first. hundreds - group 12 is idle and the first acceptor-
.connector link 131 in the second hundreds group 13 is
also idle. - When the receiver or hand set at the substa-
‘tion A is lifted from its supporting hook or cradle to
Jnitiate the call, a loop circuit including the conductors

75

‘the line No. 123.
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-of the line No. 123 is closed to the line ¢ircuit 102 with

the result that this line circuit immediately operates to
change the magnitude of the bias potential which it
delivers over the conductor 54a” to the gating circuit of
the multiplexer 11a which individually corresponds to
The multiplexer 1ia responds to this
change in magnitude of the controlling bias potential sup-
plied thereto from the line circuit 10a by opening the
gate corresponding to the line No. 123. Accordingly,
only the multiplexer signal pulses 84b occurring during
the pulse time position 645 of successive pulse frames,
are permitted to pass over the common conductor 50a
to the forward in gate circuits 307 of the selectors 1205,
122b and 124b in the hundreds group 12, and to the
calling and called line in gate circuits 407 and 423 of
the connectors 1215, 123b and 125b in the hundreds
group 12, in parailel. The multiplexer signal pulses 845
occurring during the pulse time position 64b of successive
pulse frames are also transmitted over the conductor 50z,
through the buffer amplifier 1904, and over the conductor
284a to the pulse input circuits 3¢0 of the finders 120a,
122a and 124qa in the hundreds group 12. At this point,
the pulses transmitted from the multiplexer 11a over the
common conductor 50a in the pulse time position 64b
may be regarded as multiplexer signal pulses 84b.

In the illustrated embodiment, the finder-selector links

in each hundreds line group of the system are arranged

in a predetermined sequence and are allotted one at a
time to successive calling lines within edch particular
hundreds line group by means of the self-allotting circuits
366 in each of the finders. Thus, in the first hundreds
group 12, only the finder-selector link 129 is conditioned
by means of the self-allotting circuit 386 in the finder
126z to handle a call placed on a calling line within the
first hundreds group 12. However, when the link 129 is
taken into use, the self-allotting circuit 3¢6 in the finder
128a diverts a supervisory signal to the finder 1224 of
the link 122 to condition this link to handle the next suc-
ceeding call arising in the first hundreds group 12. Ac-
cordingly, only the link 120 is conditioned to handle the

first call in the hundreds group 12 and the selector 1205

of this link is as yet inoperative so that only the finder
128a initially ‘responds to the multiplexer pulses 84b
delivered thereto from the multiplexer 11z over the above-
described path in the pulse time position 64b. In this
coanection, it will be understood that the various hun-
dreds line groups are isolated from each other insofar as
the line finding operation is concerned and up to this
point in the operation of the system the individual hun-
dreds line.groups operate as ten independent one hundred
line systems.

In the finder 120a the multiplexer puises 84b are re-
peated by the pulse input circuit 380 thereof to effect sub-
stantially immediate operation of the 4B switching circuit
301 embodied in this finder whereby operating potential
is delivered to the tubes of the circuits 309, 311, 312, 396
and 397 of the selector 1205 over the B switch con-
ductor 126c, with the result that the selector 128H is
conditioned for operation, ie., conditioned to respond to
signal carrying multiplexer pulses delivered thereto from
the multiplexer 1ie over the conductor 58a. Operation
of the 4B switching circuit in the finder 1202 also has
the effect of conditioning the tens and units coincidence
tube .circuits 363 and 304 of this finder for operation
under the joint control of the multiplexer pulses 84b re-
peated by the input circuit 349, the positive tens pulses
developed by the tens pulse ring circuit 21, and the posi-

tive units pulses developed by the units pulse ring circuit

20. :

In responding to the tens and units pulses impressed
thereon coincidentally with the multiplexer pulses 845,
the tens and units coincidence tube circuits 303 and 304
of the finder 120a cooperate with the finder pulse forming
circuit 385 and. the pulse combining circuit 362 of this
finder to produce finder gate pulses which are transmitted
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over the conductor 120d to the circuits 307 and 308 of
the selector 128b and have the effect of initially limiting
the ‘response -of this selector only to multiplexer pulses
845 appearing in the pulse time position 64b. = The com-
bining circuit 302 of the finder 1204 also gates busy pulses
in the pulse time position 645 which are fed over the
common busy pulse out conductor 2024 to the busy pulse
drive circuit 193a in the first hundreds group 12 wherein
the busy pulses are amplified and supplied over the com-
mon busy pulse in conductor 293a to the finders 120q,
1224 and 124, and the connectors 1215, 1235 and 1255
in the first hundreds group 12 to prevent these finders
and connectors in the first hundreds group 12 from re-
sponding to multiplexer pulses occurring in this time posi-
tion. ~ Thus, the line Mo. 123 is guarded against intrusion
on an incoming call and is prevented. from seizing an-
other line finder. In addition, the pulses gated by the
circuit 362 to the conductor 120d are impressed upon
the pulse input circuit 360 thereby to render the finder
126a responsive only to multiplexer pulses 84b appearing
in the pulse time position 64b. In this connection, it will
be noted that the line busying operation is: performed
independently in each hundreds line group and independ-
ently of any linkage busying operation. . Thus, when the
line No. 123 is taken into use only the finders in the first
hundreds group 12 and the connectors in this hundreds
group are informed that the line No. 123 is busy, How-
ever, it will be recalled from the foregoing general de-
scription that calls intended for lines in the first hun-
dreds group 12 can reach these lines only through one
of the acceptor-connector links 121, 123 and 125, and
since these links are informed of all of the busy lines in
the first hundreds group 12, a complete line busying sys-
tem for the entire one thousand lines of the system is
provided.

Operation of the --B switching circuit 301 in the finder
120a has the further effect of causing the self-allotting

.circuit 386 of the finder 120q to divert the supervisory .

control signal, normally supplied thereto over the con-
ductor 39, to the self-allotting circuit in the finder 122a
of the next succeeding finder-selector link 122 over the
conductor 36 to condifion the link 122 to handle the
next incoming call from one of the lines in the first
bundreds group 12.  In an entirely similar manner, op-
eration of the -+B switching circuit in the finder 1224
of the link 122, when this link is operatively associated
_ with the next calling line in the group 12, has the effect
of diverting the supervisory control signal to the finder
of the next succeeding finder-selector link so that as one
link is taken into use the seized link allots the next suc-
ceeding link in the sequence to handle the next succeed-
“ing call.

After the finder 120z has operated to perform the
described functions, continued holding of the finder 1204
is dependent upon continued acceptance and transmission
of multiplexer pulses 845 by the pulse input circuit 308
which, of course, means that the finder 120a will remain
associated with the calling line No. 123 only so long as
a calling condition persists on this line.

In the event that all of the finder-selector links 129,

122124 in the first hundreds group 12 are simultane-
ously in use, ie., that ten lines in the first hundreds
group 12 are calling simultaneously, the all-links busy
circuit 192a operates to transmit busy tone modulated
pulses, appearing in the time position assigned to the line
which is unable to obtain linkage in the hundreds group
12, to the distributor 152 by way of the distributor
coupling circuit 191a and the distributor 154 transmits
the busy tone signal to this calling subscriber to inform
him. that all of the available linkage i§ taken and that
he will be unable to complete-the cail.

To perform this operation, the all-links busy circuit
192 is supplied with finder drive pulses from the buffer
amplifier 190a by way of the conductor 204a, with busy
pulses developed on the output conductor 203a of the
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busy pulse drive circuit 193a in the first hundreds group
12, and with a busy tone signal derived from the busy
tone generator 294 in the common equipment 17 by
way of the conductor 49. The busy pulses produced
on the output conductor 2€3a of the busy pulse drive
circuit 193a are employed in the all-links busy circuit
1924 to. cancel the finder drive pulses appearing in the
same time position on the conductor 204a. According-
1y, when a calling line in the first hundreds group 12 is
seized by one of the finder-selector links 120, 122-124
in the hundreds group 12, the seized finder develops
busy pulses in the same time position as that assigned
to the seized calling line, as described heretofore, and

these busy pulses are transmitted through the busy pulse

drive circuit 1934 to the all-links busy circuit 1924 and

are employed to cancel the corresponding finder drive
pulses.
122-124 in the first hundreds group 12 are seized at the

However, if all of the finder-selector links 120,

same time by calling lines within this hundreds group,

‘the next calling line in this hundreds group will not be
seized by a finder-selector link in this hundreds group

so -that no busy pulses will be produced since no finder
is available to develop the busy pulses. Accordingly,

since no busy pulses are transmitted to the all-links busy

circuit  192¢ under these conditions, the finder drive
pulses which appear in the unseized calling line time
position are modulated with a busy tone signal derived
from the conductor 49 and are transmitted over the con-
ductor 51, and through the distributor coupling circuit

191a to the distributor 15¢ wherein the busy tone signal

is reconstructed and transmitted over the unseized calling

Jine to inform the subscriber at this line that no linkage

is available and that he will be unable to complete the
call.  In this connection, it will be understood that the
all-links busy circuit 1924 will operate to inform a call-
ing subscriber that he is unable to complete the -call
under any conditions wherein the finder drive pulses

‘corresponding to this calling subscriber are not cancelled

by corresponding busy pulses in the same time position.
These conditions may be due to 2ll of the finder-selector
linkage in the hundreds group 12 being engaged or, in

‘the alternative, may be due to the available linkage being

faulty and unable to attach itself, or further, that the
linkage is out of service for repair. It will also be noted
that the fnder-selector link busying operation is per-
formed independently in each hundreds line group, the
all-links busy circuits 192a, 1925-192] being provided

in each hundreds group to inform calling subscribers

within that group of the availability of finder-selector
linkage therein.

As indicated above, when the --B switching circuit 301
of the finder 120a operates to apply operating anode
potential to the conductor 128c, the circuits 369, 311,
312, 396 and 397 of the selector 128b are conditioned
for operation. The hundreds digit register 311 in turn

_supplies a bias potential to the dial tone gate circuit 325

and this circuit then functions. to transmit a dial tone
signal derived from the dial tone generator 29b by way

of the conductor 47 to the return out gate circuit 326

over the conductor 344, The circuit 326, in responding
to the dial tone signal and also to the finder gate pulses
delivered thereto over the conductor 1284 and the com-
mutator drive pulses 96a delivered thereto over the con-
ductor- 35, functions to repeat over the channel comn-
ductor 51z and through the distributor ccupling circuit
1914 to the distributor 15a, selector signal pulses modu-

lated in accordance with the dial tone signal in the pulse

time position 64b assigned to-the calling line. The dis-
tributor 15a responds to the selector signal pulses thus
transmitted thereto by repeating the same through the
gate circuit thereof associated with the line circuit 10a,
reconstructing the dial tone and transmitting the récon-
structed dial tone signal over the conductor 44a to the
line circuit 10a. In the line circuit 18a the dial tone

signal is transmitted over the line No. 123 to signal the
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calling “subscriber -that the dialing operation may be
initiated. ) v v

The first digit of dial impulses which is dialed into
the selector 1205 is utilized to effect selection in this
selector of the group of time positions assigned to the
‘acceptor-connector links serving the called hundreds
line group. More particularly, in. the illustrated call to
the line No. 232 in the second hundreds group 13, the
first digit of dial impulses is employed to select the pulse
time positions 625, 63b, 64b—71b (Figs. 24-27, inclusive)
which are assigned to the second hundreds group 13 and
into ‘which time positions calls intended for lines in the
-second hundreds group 13 must be shifted in order to
-enter this hundreds line group. Since the time positions
62b, 63b, 64b-71b are spanned by the single tens pulse
“73a, the selection of the called hundreds line group is
-effected by selecting the corresponding tens pulse pro-
duced on one of the conductors 324, 32-32j. - More spe-
-cifically, the directory number digit “2” must be dialed
into the selector 126b to effect selection of the group of
‘pulse time positions spanned by the tens pulse 72a as-
‘signed to the second hundreds line group 13 within which
-is located the called line No. 232, :

During the open circuit period of each dial impulse,
‘the control bias supplied by the line circuit 10a to the
.gate circuit of the multiplexer 11z which corresponds
thereto is returned to its on hook value to interrupt the
‘transmission of multiplexer pulses 845 to the pulse input
.circuit 360 of the finder 1294 and to the in gate circuit
307 of the selector 120b. During the make period of
each impulse dialed at the calling substation A, multi-
plexer signal pulse transmission from the multiplexer
1la to the finder 120a, by way of the buffer am-
plifier %984, and to the selector 120b in the pulse
‘time position 645 is resumed. As controlled by the
finder gate pulses delivered to the circuits 307 and
308 from the circuit 302 over the conductor 120c,
the circuits 307 and 308 function to repeat any intelli-
‘gence or control signals derived from the calling line No.
123 to the dial impulse integrator circuit 309. The cir-
cuit 309 differentiates between intelligence modulated
multiplexer pulses and dial impulse modulated multi-
_plexer pulses in such manner that only the latter appear
-at the output terminals of this circuit. More specifically,
“during each dial impulse generated at the calling sub-
‘station A, the impulse integrator circuit 309 develops
coincident impulses which are impressed upon the hun-
_dreds register inverter circuit 360 over the conductor 327.
The hundreds register inverter circuit 360 transmits
therethrough the two impulses impressed thereon by the
dial impulse integrator circuit 309 during dialing of the
“first digit “2” at the calling substation A, and the tens
register pulser responds to these two impulses by de-
‘veloping two coincident register drive pulses which are
supplied to the hundreds digit register circuit 311 and
the hundreds sequence timing circuit 312 over the con-
_ductor 330. In responding to the two register drive
pulses thus transmitted thereto, the hundreds digit reg-
ister 311 is driven to a setting wherein tens pulses ap-
_pearing on the positive tens pulse conductor 32b in the
second tens pulse time position 73a of each pulse frame
‘may be transmitted through the second tens gate of this
“register and over the conductor 332 to the selector pulse
‘and connector busy pulse forming circuit 317.

Transmission over the. conductor 330 of the two reg-
_ister drive. pulses individually corresponding to the two
break periods of the first digit dialed at the calling sub-
_station A to the hundreds sequence timing circuit 312
has the effect of conditioning this circuit to block the
hundreds pulser 310 from developing register drive pulses
‘during dialing of the second, third and fourth digits and
.to render the idle pulse gate circuit 395 operative to
transmit therethrough those ones of the idle pulses which
.are_produced on the idle pulse in conductor 197 and
“which -occur during the second tens pulse time position
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73a of each pulse frame as selected in the hundreds digit
register 311. The hundreds sequence timing circuit 312
also has the effect of enabling the connector busy lock
circuit 396 to initiate a connector busy test interval as
will be described in more detail hereinafter.

Immediately the first register drive pulse is repeated
to the hundreds digit register 311 to drive this register
off normal, a control potential is developed on the con-
‘ductor 333 which biases the gate tube of the dial tone gate
circuit 325 beyond cutoff such that dial tone transmission
through this gate tube to the return out gate circuit 326
over the conductor 344 is terminated. Thus, transmis-
sion of the dial tone signal to the calling substation
A is arrested.

While the hundreds digit register 311 is operative to
select the hundreds lirie group which contains the cailed
line, as indicated by the first digit dialed at the substa-
tion A, there remains to be performed the further opera-
tion of selecting an idle one of the acceptor-connector
links in the called hundreds line group. Furthermore,
this selection of an idle acceptor-connector link in the
called hundreds line group must be performed during the
interdigit pause between the first and second digits so
that the dial impulses during the second, third and re-
maining digits may be employed in the seized acceptor-
connector link to select the called line within the called
hundreds line group and, if necessary, to select the party
line ringing signal assigned to the called party line sub-
station associated with the called line.

To perform the above-described seizure of an idle
acceptor-connector link within the called hundreds line
group, there is provided an idle pulse channel common

‘to all of the lines of the system by means of which the

idle condition of all of the acceptor-connector links of
the system is indicated to all of the selectors of the
system. More specifically, the acceptor-connector links
serving a given hundreds line group are individually

. assigned different ones of the total number of time
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positions assigned to each hundreds line group. In the
illustrated embodiment each hundreds line group is as-
signed a series of ten comsecutive pulse time positions
so that a maximum of ten acceptor-connector links may
be employed in each hundreds line group, and each ac-

‘ceptor-connector link serving a given hundreds line

group is assigned a different one of these ten pulse time
positions. Thus, in the first hundreds group 12 the first
acceptor-connector link 121 is assigned the first pulse
time position in each pulse frame, ie., the pulse time
position 624, the second acceptor-connector link 123 is
assigned the second pulse time position 634, and the last
or tenth acceptor-connmector link 125 in the hundreds
group 12 is assigned the tenth pulse time position 71a
in each pulse frame. In a similar manner, the acceptor-

‘connector links 131, 133—135 are assigned the time

positions 62b—71b which occur during the second tens
pulse period of each pulse frame. It will, therefore, be
understood that in the over-all system a maximum num-
ber of one hundred acceptor-connector links may be em-
ployed, each of which is assigned a different pulse time
position within the basic pulse time position frame.

In order to indicate the idle condition of each acceptor-
connector link the acceptor associated with each link is
equipped to produce idle pulses on the common idle
pulse cut conductor 198. In the illustrated embodiment
these idle pulses appear on the common conductor 198
when the corresponding acceptor-connector link is idle
and disappear immediately upon seizure of this link by
a call forwarding selector. The idle pulses produced on
the conductor 198 are coupled through the idie pulse
coupling circuit 187 and transmitted over the idle pulse
in conductor 197 to the idle pulse gate circuits 395 of
all of the selectors of the system. With no calls in
progress, the idle pulse in conductor 197 carries idle
pulses which identify ten groups of ten acceptor-con-

‘nector links, these idle pulses occurring in the one hun-
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dred time positions of the basic pulse
frame. = - .~ ) )

Since the call forwarding selector 1205 is not called
upon to select an idle acceptor-connector link in any
other than the selécted hundreds line group, the idle
pulse. gate circuit in the selector 1205 is provided to
transmit therethrough. only those idle pulses appearing
on the idle pulse in conductor 197 which occur during
the selected. tens pulse time position 73a assigned to the
called hundreds group 13, and the selected idle pulses
which. occur during the tens pulse time position 73a are
transmitted over the conductor 3954 to the connector
coincidence tube circuit 397. The connector coincidence
tube. circuit' 397 selects at random one of the idle pulses
transmitted thereto- over the conductor- 395z from the
idle pulse gate circuit 395 and gates to the output con-
ductor 345 thereof units pulses which occur in the same
time position as the selected idle pulse.

If no.idle pulses are transmitted through the idle pulse
gate circuit 395, ie., if all of the acceptor-connector
links in the called hundreds group are busy, the connector
coincidence tube circuit 397 remains continuously con-
ditioned for response-to an idle. pulse until the end of
the connector busy test interval, preferably in the order
of one-quarter of a second. At the end of the connector
busy ‘test interval, the connector busy lock circuit 396
furictions to close the idle pulse gate circuit 395 so that
idle pulses are no longer transmitted through this circuit
to the connector coincidence tube circuit 397 and hunt-
“ing for ‘an idle accepfor-connector link in the called
hundreds line. group ceases. - Also, at the end of the
connector busy test. interval, the connector busy. lock
circuit 396 supplies an enabling bias potential to the
“busy tone gate circnit 3254 and this circuit then func-
‘tions to transmit:a busy tone signal, preferably of 120
impulses per minute, which-is derived from the busy
“tone generator 29z by way of the conductor 49 to the
return ott gate circuit 326 over the conductor 344.  The
ciréuit 326 - functions to repeat- to the distributor 154
selector signal pulses modulated in accordance with this
busy tone signal in the pulse time position 64b assigned
to the calling line so that the calling subscriber is in-
formed that all of the acceptor-connector linkage in the
‘called hundreds line group is busy and the system is un-
‘able to complete his particular call.

. Inthe event that one or more-idle pulses are trans-
“mitted through the idle pulse gate circuit 395, indicating
that one o more acceptor-connector links in the: called
‘hundreds- line group are idle, the connector coincidence

time position

tube circuit 397 responds to one of ‘these idle pulses by -

i_gating units “pulsesto the output conductor 345 thereof
in the same pulse time position. Also, when one of the
“gate tubes in the -circuit 397 is fired by an idle pulse,
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" a-disabling ‘potential is transmitted over the conductor .

397a to the connector busy lock circuit- 396 thereby dis-
abling the connector busy lock circuit 396 and permitting
further progress of the call.

" The selector pulse and-connector busy pulse forming
“circuit 317 operates to combine the tens and units pulses
respectively transmitted thereto from the hundreds digit
register 311 and the connector coincidence tube circuit
397 over the conductors 322 and 345 to produce a re-
sultant selector pulse which appears on the conductor
339, More specifically, the positive tens pulses 73a,
which are transmitted to the selector pulse forming cir-
cuit 317 over the conductor 332 and represent the block
“of time positions assigned to. the called hundreds line
group 13, are combined with the positive units pulses
appearing on the conductor 31a, which are gated by the
coincidence tube circuit 397 and in the illustrated em-
bodiment represent the units pulse time position assigned
to the idle first acceptor-connector link 131 in the called
line hundreds group 13. Mixing of these pulses in the
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circuit. 317 results. in the production of a selector pulse -

which occurs once during each pulse frame in the pulse

75

time position 62b assigned to the selected idle acceptor-
connector link 131. * In'this connection, it will be under-
stood that if all of the acceptor-connector. links in the
called hundreds line group are busy, no units pulses are
impressed upon the circuit 327 frem the connector coin-
cidence tube circuit 397, and no selector pulses are pro-
duced on the output conductor 339 of the selector pulse
and connector busy pulse forming circuit 317 under these
conditions. - :

The selector pulses developed by the circuit 317 are
transmitted over the conductor 339 to the selector com-
ponents 322, 323 and 324. The forward out gate circuit
324 responds to these selector pulses by gating certain
linkage sampling pulses 965 derived from the linkage
sampling pulse drive circuit 40z over the conductor 405b.
More specifically, the linkage sampling pulses transmitted
over the conductor 40b are gated by the selector pulses
produced on the conductor 339 in the pulse time position
62b assigned fo the selected idle acceptor-connector link
131 in the called hundreds line group 13 whereby very
narrow selector forward signal pulses are released over
the conductor 195 to the selector forward coupling circuit
186. From the selector forward coupling circuit 186
these selector forward signal pulses are transmitted over
the conductor- 196 to all of the connectors of the system.
The forward out gate circuit 324 in the selector 1205
also responds to voice and supervisory signals originating
at the calling substation A and detected or reconstructed
and stored in the forward reconstructor circuit 308 by
modulating these voice or supervisory signals derived
from the calling line reconstructor circuit 308 upon the
selector forward signal pulses developed by the out gate
circuit 324 in the pulse time position 62b assigned to the
selected "acceptor-connector link 131. Accordingly, su-
pervisory signals, including the dial impulses constituting
the second, third and fourth digits dialed at the calling
substation A, ate modulated upon the selector forward
signal pulses produced by the forward out gate circuit
324 and impressed upon all of the connectors of the
system. In addition to being transmitted to all of the
connectors of the system, the selector forward signal
pulses are transmitted to all of the acceptors of the sys-
tem over a path which includes the conductor 195, the
selector forward coupling circuit 186, the conductor 196,
the acceptor drive circuit 189 and the conductor 201.

The selector pulse and connector busy pulse forming
circuit 317 also operates to impress connector busy pulses
appearing in the time position assigned to the selected
acceptor-connector link 131 upon the connector busy
pulse out conductor 2054 and these connector busy pulses
are transmitted through the connector busy pulse cou-
pling circuit 205 and over the conductor 2055 to all of
the acceptors of the system.

Considering now the manner in which the selected
acceptor-connector link 131 becomes operatively asso-

‘ciated ‘with the call forwarding selector 1285, it is pointed

out that the acceptor 131a functions in a manner which
is generally similar to the line finders of the system to
condition the associated connector 1315 for operative
association with the call forwarding selector 1205. How-
ever, unlike a line finder, the acceptor 131a is conditioned
to accept only selected forward signal pulses which occur
in the particular pulse time position which is assigned to
and identifies the acceptor-connector link 131 both as to
the hundreds group position of this acceptor-conmector
link, and the order in which the acceptor-connector link
occurs within its own hundreds group 13. Ia this con-
nection, it will be noted that the acceptors of the system,
such as the acceptors 131a, 1332—135q in the second

“hundreds group 13, are all continuously conditioned to

accept selector forward signal pulses occurring in the

_respective time positions assigned thereto. Thus, a fixed

allotment of the acceptors to individual pulse time posi-
tions is provided instead of the shifting allotment of
finders to successive calling lines as described heretofore
in connection with the finder 120a. S
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- In the acceptor 131a, the connector busy pulses which
are transmitted thereto over the conductor 2055 from the
connector busy pulse coupling circuit 205, are sent to the
idle pulse circuit 463 (Fig. 4A) in the acceptor 131a to
effect the immediate termination of the transmission of
idle pulses to the common idle pulse out conductor 198
from the idle pulse circuit 403. As a result, idle pulses
appearing in thé time position 62b assigned to the
acceptor-connector link 131, are remioved from the com-
mon idle pulse out conductor 198 unmedxately upon
selection of the acceptor-connector link 131 in the call
forwarding selector 120b. Removal of these idle pulses
from the conductor 198 is recognized by the other selec-
tors of the system as an indication that the acceptor-
connector link 131 is occupied with a call and these other
selectors are, therefore, prevented from seizing the link
131 on a call incofing to the hundreds group 13.

. In the acceptor 131q the selector forward signal pulses,
which are transmitted through the acceptor -drive circuit
189 and over the conductor 201, are repeated by the
acceptor control gate circuit 400 to effect substantially
immediate operation of the B switching circuit 401
embodied in the acceptor 131a, whereby operating poten-
tial is delivered to the tubes of the circuits 409, 411, 412,
415, 416, 418, 419, 464, 465 and 485 of the associated
connector 1315 over the +B switch conductor 131c
with the result that thé connector 131b is condmoned
for operation, i.e., conditioned to respond to signal carry-
ing selector forward pulses delivered thereto from the call
forwarding selector 120b over a path which includes the
conductor 195, the selector forward coupling cxrcmt 186
and the conductor 196.

The acceptor gate pulse forming circuit in the acceptor
131a is continuously supplled with tens pulses appearmg
on the conductor 325 in the second tens pulse time posx-
tion of each pulse frame and is also supplied with units
‘pulses appearing on the units pulse conductor 314 in the
first units time position in each tens pulse period. These
tenis and units pulses are combined in the pulse forming
circuit 402 to produce acceptor gate pulses which occur
in the pulse time position 625 in each pulse frame and are
transmitted over the conductor 1314 to the circuits 407,
.408 and 426 of the connector 1315 and have the effect of
continuously limiting the response of this connector only
to selector forward signal pulses 82b. appearing in the
pulse time position 625. These acceptor gate pulses are
also supplied to the acceptor control gate circuit 400
so as continuously to condition this circuit to-accept only
selector forward signal pulses from .the acceptor drive
circuit 189 in the pulse time position 625.

After the acceptor 131a has operated to perform the

10

15

20

25

30

35

40

45

50

“above-described functions, continued holding of the ac- ~

ceptor 131a is dependent upon continued acceptance
and transmission of selector forward signal pulses 82b
.by the acceptor control gate circuit 400 which, of course,
means that the acceptor will remain associated .wtih the
call forwarding selector 120/ only so long as this selec-
tor continues to impress selector forward signal pulses
on the conductor 195 in the time. position 62b. -How-
ever, in the acceptor-connector stage continued holding
of the acceptor 131a is also dependent upon the conversa-
tion timing control circuit 485 in the connector 1315 as
described in more detail hereinafter.

Considering now the operation of the connector 1315
in completing the call, it is pointed out that the entire
-procedure of selecting the called hundreds line group,
selecting an idle acceptor-connector link within the called
hundreds line group, transmitting selector forward signal
pulses in the time position. assigned to the selected ac-
ceptor-connector link, and operative association of the
selected acceptor-connector link with the call forward-
ing selector all takes place during-the interdigit pause
.between the first and second. digits dialed at the calling
“substation A. Accordingly, by the time-the second digit
-of dial impulses is produced at-the calling substation A,

the acceptor-connector link 131 is operatively __as;oeiated.
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in tandem relation with the finder-selector link 120, and
the connector 1315 is conditioned for response to the
remaining digits which are dialed at this calling substation.

The second and third digits are dialed into the con-
nector 131b by way of the call forwarding selector 1206
in order to effect selection in the connector 1315 of the
pulse time position 63¢ assigned to the called line No.
232, and a fourth succeeding digit, . which is called a
party line ringing digit, must be dialed into the connec-
tor 1316 in order to effect selection on a decimal basis
of the particular party line ringing signal assigned to the
called substation G associated with the called line No.
232 and having the directory number designation “2322”
assigned thereto. In this connection, it will be under-
stcod that the fourth digit “2” is designated as a party
line ringing digit, and the consecutively dialed numbers
“2,” “3” and “2” are respectively called the hundreds,
tens and units digits of the directory number in this
specification.

More specifically, the digits “3,” “2” and “2” must
be didled successively into the connector 1315 to effect
selection of the pulse time position 63¢ which is assigned
to the line No. 232 and to effect selection of the code
#2 party line ringing. signal assigned to the called sub-
station G connected to the line No. 232. During the
open circuit period of each- dial impulse the control
bias applied by the line circuit 10q to the gate circuit
of the multiplexer 11a which serves the calling line
No. 123 is returned to its on hook value to interrupt
the transmission of multiplexer pulses 846 over the con-
ductor 204 to the pulse input circuit 300 of the finder
120a and to the in-gate circuits 307 and 323 of the
selector 120b. During the make period of each impulse
dialed at the calling substation A, muitiplexer signal
pulse transmission from the multiplexer 11a to the finder
120 and the selector 1205 in the pu'se time position
64) is resumed. As controlled by the finder gate pulses
delivered to the circuits 307 and 308 in the selector
1206 from the circuit 302 over the conductor 1204,
the circuits 307 and 308 function to repeat any intel-
ligence or control signals derived from the calling line
No. 123 to the forward out gate circuit 324. More
specifically, during the dialing operation, the recon-
structed dial impulses developed by the forward recon-
structor circuit 308 in the selector 1206 are transmitted
over the conductor 356a to the forward out gate circuit

324, and are employed in the circuit 324 to interrupt

the transmission of selector forward signal pulses through
the circuit 324 to the operatively associated acceptor-
cennector link 131 in the time position 626 assigned
The selector-12056 thus functions to convert
multiplexer pulses 84b into the selector forward pulses

-82b ‘while preserving the ‘interruptions in transmission

of the multiplexer pulses during the dlaling operation,

‘which interruptions correspond to the dial impulses origi-

nating at the calling substation A. Thus, during each
open circuit period of each dial impulse, the interruption
in the transmission of the multiplexer pulses 845 over
the conductor 50z is converted into.a corresponding
interruption in the transmission of selector forward pulses
82b over the conductor 195, through the selector for-
ward coupling circuit 186, and over the conductor 196

to all of the acceptor-connector links of the system,
-including the acceptor-connector link 131. However, as

stated heretofore, only the link 131 is conditioned to

_respond to selector forward 31gnal pulses occurring in the

time position 625.

As controlled by the acceptor gate pulses delivered to
the circuits 467 and 408 in the connector 1315 from the
circuit 402 in the acceptor 131a over the conductor
1314, the circuits 407 and 408 function to repeat any
intelligence or control signals derived from the calling
line No. 123 by way of the call forwarding selector 1205
to the dial impulse integrator circuit 439 in the con-
nector 1315, - The circuit 409 differentiates between in-
telligence modulated selector forward pulses and dial
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impulse modulated selector forward pulses so that only
the. latter appear at the output terminals of this circuit.
More. specifically, during each dial impulse generated
at the calling substation A and routed to the connector
1315 by way of the call forwarding selector 1245, the
impulse integrator circuit 489 develops impulses which
are impressed upon the tens, units and party inverter
circuits 460, 461 and 462 over the conductor 427. Pend-
ing operation of the tens sequence timing circuijt 412, the
units inverter circuit 461, which also performs the func-
tion of a units digit start gate, and the party inverter
circuit 462, which also performs the function of a party
digit start gate, are held non-responsive to the three
impulses transmitted thereto by the dial impulse inte-
grator circuit 409 during dialing of the second digit “3”
at the calling substation A. However, the tens register
pulser . 410 responds to these three impulses repeated
thereto by the tens inverter circuit 45§ over the con-
ductor 431 by developing three coincident register drive
pulses of uniform amplitude and duration which are
supplied to the .tens digit register circuit 411 aad the
tens sequence timing circuit 412 over the conductor 439.
In responding to the three register drive pulses thus
transmitted thereto, the tems digit register 411 is driven
to a setting wherein tens pulses appearing on the posi-
tive tens pulse conductor 32c¢ in the third pulse time
position 74a of each pulse frame may be transmtted
through the third tens gate of this register and over the
conductor 432 to the connector pulse forming circuit 417,
Transmission of the three register drive pulses individu-
ally corresponding to -the three break periods of the
second digit dialed at the calling substation A over the
conductor 43¢ to ilie tens sequence timing circuit. 412
has the effect of conditioning this circuit to block the
tens register pulser 410 from developing register drive
pulses during dialing of the third and fourth digits and
to render the umits inverter circuit 461 operative to repeat
the pulses delivered thereto by the dial impulse inte-
grator circuit 469 during dialing of the third digit at the
calling substation A.

During the interdigit pause which separates dialing of
the second and third digits at the calling substation, the
tens sequence timing circuit 412 assumes a stable operat-
ing condition wherein a controliing potential is impressed
upon the conductor 434 to bias the tens register pulser
410 against developing further register drive pulses in
response to impulses transmitted thereto through the tens
inverter circuit 460 from the dial impulse integrator cir-
cuit 499. The above-described control potential is also
supplied over the conductor 434 to the units inverter
circuit 461 to render this circuit cperative to repeat im-
pulses delivered thereto from the dial impulse iniegrator
circuit 409 to the units register pulser 414 and the units
sequence timing circuit 416 over the conductor 438.

During dialing of the third digit “2” at the calling
substation A, the dial impulse integrator circuit 449 re-
sponds by transmitting two impulses to cach of the in-
verter circuits 460, 461 and 462. As noted above, how-
ever, the party inverter circuit 462 is still held noa-
responsive to these impulses and the tens register pulser
410 is now blocked against responding to these impulses.
Thus, only the units inverter circuit 461 repeats the two
impulses to the units register pulser 414 ovei the con-
ductor 438 and the latter circuit responds to these im-
pulses by developing corresponding register drive pulses
of uniform amplitude and duration which are supplied
to the units digit register 415 and the units sequence
timing circuit 416 over the conductor 436. As a con-
sequence, the units digit register 415 is operated or driven
to open the second units' gate circuit therein, thereby
to establish a path for the transmission of units pulses
appearing in the time positions 63a, 63b, 63c, et cstera, to
the connector pulse forming circuit 417 over the conduc-
tor 445. The two pulses repeated to the units sequence
timing circuit 416 over the conductor 436 serve to con-
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dition this circuit for operation at the end of the second
digit.

During the interdigit pause which separates dialing of
the third and fourth digits at the calling substation, the
units sequence timing circuit 416 assumes a stable op-
erating condition wherein a controlling potential is im-
pressed upon the conductor 435 to bias the units reg-
ister pulser 414 against development of register drive
pulses in response to further impulses repeated thereto
through the units inverter circuit 461 from the dial im-
pulse integrator circuit 409. This controlling potential
is also supplied over the conductor 435 to the party in-
verter circuit 462 to render this circuit operative to
repeat impulses delivered thereto from the dial impulse
integrator circuit 409 during a fourth digit to the party
register pulse 463, and to the party sequence timing cir-
cuit' 464 over the conductor 437. The potential im-
pressed upon the conductor 435 is also supplied to the
tens register advancer 480, the trumk hunting control
circuit 483, the busy test circuit 418 and the busy lock
circuit 419 to render these circuits operative to perform
their respective functions as described below.

The connector pulse forming circuit 417 operates to
mix the tens and units pulses respectively transmitted
thereto from the registers 411 and 415 over the conduc-
tors- 432 and 445 to produce a resultant connector pulse
which appears on the conductors 439, 4394, and 43%b.
More specifically, the tens pulses 74a appearing on the
positive tens pulse conductor 32¢ and gated by the tens
digit register 411 are transmitted to the conmector pulse
forming circuit 417 over the conductor 432 where they
are mixed with the positive units pulses appearing in
the. time -position 63c which are gated by the units reg-

- ister 415 and transmitted to the circuit 417 over the con-

35

40

45

50

55

60

65

70

76

ductor 445. Mixing of these pulses in the circuit 417
results in the production of a connector pulse which
occurs during each pulse frame in the pulse time posi-
tion 63c assigned to the called line. These pulses are
transmitted over the conductor 43% to the comnector
components 422, 423, 424 and 483, and over the con-
ductor 439b to the connector component 428. The con-
nector -pulse forming circuit 417 also operates to select
one ‘of the linkage sampling pulses 965 derived from the
drive circuit 48g by way of the conductor 4056 which
occurs in the time position 63c¢ assigned to the called
line and the selected narrow linkage sampling pulse is
transmitted to the busy test circuit 418 over the con-
ductor 439a.

Effectively, the busy test circuit 418 and the busy lock
circuit 419 cooperate to perform the busy test opera-
tion in the connector 131h. More specifically; if the
called line No. 232 is busy, i.e., occupied with a call,
busy pulses are present on the common busy pulse in
conductor 203) in the hundreds group 13 in the pulse
time position 63¢ assigned to this called line. The m:n-
ner in -which such busy pulses are repeated through the
busy pulse drive circuit 193b in the hundreds group 13
to the conductor 2035 from another link in the hundreds
group 13 occupied with the call involving the called
line No. 232 will be apparent from the foregoing ex-
planation. . These busy pulses are impressed upon the
busy test circuit 418 simultaneously with linkage sam-
pling pulses 96b appearing in the time position 63c as-
signed to the called line, which, as stated above, are de-
veloped by the connector pulse forming circuit 417 and
impressed upon the busy test circuit 418 over the con-
ductor 43%a. Coincidence between the selected linkage
sampling pulse and the busy pulses has the effect of
preventing the busy test circuit from operating. Thus,
the busy condition of the called line is indicated.

In the event the called line is busy, the busy lock
circuit 419 as controlled over the conductor 435 from
the units sequence timing circuit 416 measures a pre-
determined time interval, i.e., a called line busy test
interval, following which it operates to feed a bias po-
tential back over the conductor 448 which has the ef-
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fect of positively blocking the busy test circuit 418
against subsequent operation. In operating, the busy
lock circuit 419 also controls the busy tone gate of the
network 425 over the conductor 450 to permit a busy
tone signal to be repeated from the busy tone generator
29a by way of the conductor 46, the busy gate circuit
in the network 425, the conductor 444, the calling line
out gate circuit 428, the selector return coupling circuit
188, the call forwarding selector 1205, the distributor 154
and the line circuit 184 to the calling line No. 123.
Thus, the calling subscriber is advised of the busy con-
dition of the called line. In this connection, it will be
understood that the busy tone generators 28a and 294
may have different impulse rates so that the calling sub-
scriber can tell what portion of the system is busy. Thus,
the busy tone generator 294 may have an impulse rate
of one hundred twenty impulses per minute or two im-
pulses per second so that the calling subscriber will know
that either the finder-selector linkage in his hundreds
group is busy (due to the all links busy circuit 1924)
or that the acceptor-selector linkage in the called hun-
dreds group is busy (due to the busy tome gate 325a
in the call forwarding selector). On the other hand,

the busy tone generator 29a may have an impulse rate .

of 60 impulses per minute or one impulse per second
so that the calling subscriber will know that the called
line is itself occupied by a call. Since the linkage busy
condition usually persists for a very short interval of
time, the calling subscriber is thus informed as to how
long he should wait before attempting to place the same
call again. )

If, in the illustrated call, the called line No. 232 is
idle, no busy pulse will appear in the pulse time position
63c assigned to this called line,
tween the selected linkage sampling pulse and the called
line busy pulse is lacking, the busy test circuit 418 op-
erates immediately the first linkage sampling pulse ap-
pearing in the time position 63c¢ is impressed thereon
from the connector pulse forming circuit 417 over the
conductor 43%. In operating, the circuit 418 impresses
a positive potential upon the cut-through conductor 451a
which is applied to the busy lock circuit 418 to pre-
vent the latter circuit from operating at the end of the
busy test interval. The positive potential applied to
the cut-through conductor 451a in the busy test circuit
418 when this circuit operates is also applied to the
units register advancer 481 over the conductor 489 to
prevent this unit from responding to trunk hunting drive
pulses as will be described in more detail hereinafter.
When the busy test circuit 418 operates, it also impresses
a positive potential upon another cut-through conductor
451 which is applied to the called line out gate circuit
424 to condition the latter circuit to repeat connector
signal pulses in the time position 63c to the distributor
15b in the called hundreds group 13, and is also applied
to the busy gate circuit 429 so that busy pulses are re-
leased to the common busy pulse out conductor 2024
in the time position 63¢ assigned to the called line No.
232. The positive potential developed on the cut-
through conductor 451 is also applied to the called line
in gate circuit 423 and the called line reconstructor cir-
cuit 422 thereby to condition these circuits to accept
signals derived from the called line. This feature of
making operation of the circuits 423 and 422 dependent
upon operation of the busy test circuit to indicate that
the called line is idle, is necessary in order to prevent
the calling subscriber from listening in on a conversation
being held on the called line when the called line is
busy.

In the event the called line No. 232 tests busy and
this called line is 2 member of one of the trunk groups
discussed generally heretofore, the trunk hunting fa-
cilities in the connector 13%b operate to hunt for an
idle trunk within the remaining lines in the called trunk
group. Effectively, the trunk hunting control circuit
483, the tens register advancer 486 and the units register
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advancer 481 cooperate to perform the trunk hunting
operation in the connector 131bh. More specifically, if
the called line No. 232 is busy, i.e., occupied with a call,
busy pulses are present on the commen busy pulse in
conductor 2835 in the time position 63c¢ assigned to the
called line, and these busy pulses are impressed upon
the trunk huating control circuit together with connector
pulses which also appear in the time position 63c as-
signed to the called line, the connector pulses being im-
pressed upon the trunk hunting conirol circuit 483 over
the conductor 439. Simultaneously with the transmis-
sion of -busy pulses and comnector pulses to the trunk
hunting control circuit 483, the trunk marking pulses pro-
duced 'in the manner described generally above in con-
nection with Fig. 29 in the trunk marking pulse generator
184D serving the second hundreds line group 13 are also
impressed upon the trunk hunting control circuit 483
over the conductor 286b. Coincidence of these con-
nector pulses, busy pulses and trunk marking pulses in-
dicates that the called line is busy and is a member of
a trunk group. The trunk hunting contrel circuit 483
responds to the coincidence between the connector
pulses, the busy pulses, and the trunk marking pulses
by developing a control potential which is transmitted
over the conductor 488 to the units register advancer
481 to enable the advancer 481 to respond to trunk
hunting drive pulses which are developed by the trunk
hunting drive pulse generator 59 in the common equip-
ment 17 and are transmitted to the units register ad-
vancer 481 over the conductor 5%. 'The units register
advancer 481, once it is enabled, produces register drive
pulses of umiform amplitude and duration in response
to each trunk hunting drive pulse transmitted thereto over
the conductor 584, and each register drive pulse is trans-
mitted to the units digit register 415 over the conductor
4389, EBach register drive pulse produced by the units
register advancer 481 operates to advance the setting
of the units digii register 435 by. one time position so
that the time pesition of the conmector pulses produced
on the conductor 439 by the comnector pulse forming
circuit 417 is advanced one units time position for each
trunk hunting drive pulse impressed upon the enabled
units register advancer 481. - Bach time the time po-
sition of the connector pulses is advanced by the units
register advancer in the manner described above, the
busy test circuit 4i8 compares the new time position
of the connecior pulses with the busy pulses which are
impressed upon the busy test circuit 418 over the con-
ductor -203b. If the new position of the connector
pulses coincides again with busy pulses impressed upon
the conductor 2035, thereby indicating that the next line
in a called trunk group is busy, the busy test circuit
is prevented from operating and the units register ad-
vancer 481 continues to advance the setting of the units
digit register under the contrel of the trunk hunting drive
pulses until the connector pulses are shifted to a time po-
sition in which they do not coincide with busy pulses im-
pressed on the common busy pulse in conductor 2635
or until the time position assigned to the last line in a
called trunk group is reached, in which case no trunk
marking pulse is present. Under these conditions, co-
incidence between the connector pulses, the busy pulses,
and the trunk marking pulses ceases so that the trumk
hunting control circuit 483 removes the control poten-

- tial from the conductor 488 thus preventing the units

tegister advancer from responding to further trunk hunt-
ing drive pulses and terminating further increase in the
setting of the wunits digit register 415. In the event the
last line in the called trunk group is busy, the busy lock
circuit 41% functions in the manner described above at
the end of the called line busy test interval to feed a
bias potential back over the conductor 448 which has
the effect of positively blocking the busy test circuit 418
from subsequent operation. However, the called line
busy test interval is of sufficient duration to permit the
trunk hunting facilities to advance the time position of
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the connector pulses in the manner described -above

through substantially the entire pulse time position frame,
if necessary, before the busy lock circuit 419 operates

‘to ‘lock up the connector and advise the calling sub-

scriber of the busy condition of ail of the lines of the
called line trunk group.

In order to provide for trunk hunting through a group
of consecutive time positions which are positioned in
differént . tens digit levels, facilities are provided in the
units digit register 415 for recycling this register each
time the register is driven beyond a setting of “10.7
Simultaneously therewith there is produced a control
pulse in the units digit register 415 which is transmitted
over the conductor 486 to the tens regisier advancer
480. The tens register  advancer 489 responds to the
pulses impressed thereon over the conductor 486 by ad-
vancing the setting of the tens digit register 411 by one
tens pulse interval each tlme the units digit register 415
is recycled.

Tn order to provide for truck hunting through a group
of lines such as the eighth trunk greup illustrated in
Fig. 29, i.e., wherein some of the lines occur in the last
tens chglt Ievei and other succeeding lines occur in"the
first tens digit level, the tens digit register 411 is also
provided ‘with facilities for recycling this: register after
it has been advanced to a setting of “10.”

Considering, for example, the operaticn of the trunk
hunting facilities during ‘the above-described call to the
line No. 232, this line is a member of the trunk group
including the lines Mos. 232-239, inclusive, 230, 241

in the ‘third tens dlgxt level, whereas the lines Nos. 241
and. 242 are included in the fourth tens digit level.. When
the- two_digits “3” and “2” are successively dialed. into

the comnector 131b, connector pulses are produced in.
the time position 63c¢ assigned to the line No. 232 in

the manner described above, Trunk marking puises are

produced by the trunk marking pulse gemerator 194b in .

this -same -time position and if busy pulses ‘are aiso im-
pressed upon the common busy pulse -in conductor 2835
in the time position 63c, the coincidence of the con-
busy pulses and trunk marking pulses
causes the unifs register advancer to advance the setting
of the units digit register 415 by one time position so
that the connector pulses are shified to the time posi-
tion 64c, i.e., the time position assigned to. the line
No. 233. Since the line No. 233 is also marked by
trunk marking pulses appearing in the time position 64c,

‘the above-described coincidence may stiil. occur if busy

pulses are impressed on the conductor 2835 in the time
position 64c, thus indicating that the line No. 233 is also
busy. Continued coincidence of the connector pulses,
busy pulses and trunk marking pulses permits the units
register advancer to respond to successive trunk hunt-
ing drive pulses so that the comnector pulses are ad-
vanced to the time position Tic, i.e., the time position
assigned to the line No. 230. If the line No. 230 is
also busy, ‘the coiacidence between the trunk -marking
pulses, conmector pulses and busy puises continues and
the units register advancer continues to respond to trunk
hunting drive pulses. The next trunk huating drive
pulse operates to recycle the units digit register 415 and
simultaneously therewith the tens digit register 411 is
advanced one setting to the tens pulse time position

75q¢ so that the connector pulses are shifted from the

thirtieth time position in each pulse frame to the thirty-
first time position, i.e., the time position 624 assigned
to the line No. 241, If the line No. 241 also tests busy,
the connsctor pulses are again shifted to the time po-
the time position assigned to the line
No. 242. However, since the line No. 242 is not marked
by a trunk marking pulse, the units register advancer
is prevented from responding to further trunk hunting
drive pulses and the connector pulses remain in the time

position assigned to_the line No. 242 regardless of the
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idle or busy condition of this line. If the line No. 242
is idle, the busy test circuit 418 functions.in the man-
ner described above to impress a positive potential upon
the cut-through conductors 451, 451a and 489, where-
upon the connector 131b continues with the placement
of the call.. On the other hand, if the line No. 242
also tests busy, the busy test circuit is prevented from
operating and the busy leck circuit 419 operates at the
end of the called line busy test interval to block the
busy test circuit 418 against subsequent operation and
advise the calling subscriber of the busy condition of
all of the lines of the called trunk group.

Assuming that the line No. 232 is idle when called,
when the calied line out gate 424 is conditioned for op-
eration’ through application of the described positive po-
tential to the cul- through conductor 451, it responds to
the connector pulses impressed upon the connector pulse
conductor 439 by the comnector pulse forming circuit
417 by gating certain linkage sampling pulses derived

y fiom the drive circuit 484 over the conductor 40b. More

specifically, the linkage sampling pulses transmitted over
the conductor 48b by the drive circuit 40a are gated by
the connector pulses produced on the' conductor 439 in
the pulse time position €3¢ assigned to the called line
Mo. 232, whereby very narrow connector signal pulses
are released over the conductor 51b to- the distributor
15b which are well within -the limits of the pulse time
position 63c assigned tc the called line. However, it
will be understocd that until ringing of the called line is
eifected, the above-described connector signal pulses sup-
plied to the distributor 15b in the pulse time position
%3¢ are ineffective to establish talking communication
with any of the substations associated with the called
line. . The positive potential applied to" the cut-through
conductor 451 is also impressed upon the ring trip cir-
cuit 421 to enable this circuit to terminate ringing at
the proper time and is applied to the code start cir-
cuit 468.

The above-described busy test and trunk hunting op-
crations are initiated during the interdigit pause which
separates the third and fourth digits and are performed

independently of the selection of a party line ringing sig-

nal. During dialing of the fourth digit “2” at the calling
substation A, the dial impulse integrator circuit 409 re-
sponds by transmitting two impulses to each of the in-
verter circuits 4698, 461, and 462. As noted above, how-
ever, the tens and units register pulsers 416 and 414 are
now prevented from responding to-these impulses. Thus,
repeats the two im-
pulses to the party register pulser 463 over the conductor
437 znd the laiter circuit responds to these impulses by
developing corresponding register drive pulses which are
supplied over the conductor 449 to the party digit regis-
ter 485 and the party sequence timing circuit 464. Asa
consequence, the party digit register is operated or driven
to open the second party gate circuit therein, thereby to
establish a path for the transmission of the imterrupted
ringback tone signal (Fig. 28(14)) which corresponds
to the code #2 party line ringing signal assigned to the
calied substation G, over the conductor 475 to the ring-
back tone gate tube to the network 425.

At the end of the fourth digit dialed info the connec-
tor 131b the party sequence timing circuit 464 operates
i0o change the potential level on the conductor 442 to a
value such that the party register pulser 463 is prevented
from responding to further impulses. Concurrently, the
changs in potential level on the conductor 442 has the
effect of rendering the code start circuit 468 operative to
develop a control potential in response to the next oc-
curring code start pulse transmitted thereto from the har-
monic ringing code forming circuit $9 over the conductor
5, which control potential is impressed upon the .ring-
back tone gate tube of the network 425 by way of the
conductor 441, When this control potential is impressed
upon- the ringback tone gate circuit of the network 425
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this circuit is rendered operative to gate the interrupted
ringback tone signal corresponding to the code #2 party
line ringing signal selected by the party digit register 465
to the calling line out gate circuit 426 over the conductor
444.  The interrupted ringback tonme signal is modu-
lated on the signal pulses developed by the calling line
out gate circuit 426 and thus is transmitted by way of the
selector return coupling circuit 188 and the call forward-
ing selector 1205 to the distributor 154 wherein the in-
terrupted ringback tone is reconstructed and supplied to
the line circuit 19¢. In the line circuit 18q, the ringback
tone signal, which it will be recalled consists of the two
short ringing pulses 170 and 171 (Fig. 28(2)), is trans-
mitted over the calling line No. 123 to the calling substa-
tiont A." Thus, the calling subscriber is informed that the
called substations F and G associated with the called line
No. 232 are being rung during the ringing intervals of
the code #2 party line ringing signal assigned to the
called substation G. - This feature of making operation

of the ringback tone gate circuit dependent upon oper- ©

ation of the code start circuit 468 to develop a control
potential is necessary in order to prevent the ringback
tone gate circuit from opening in the middle of any one
ringing period and gating only a portion of a given ring-
ing signal which would result in an erroneous party line
ring.

The ringback tone signal which is interrupted or keyed
in accordance with the ringing intervals of the code #2
ringing signal assigned to the called substation G, and
which is gated by the ringback tone gate circuit in the
manner described above, is concurrently used to control
the ringing operation at the line circuit 16b and the trans-
tission of ringing current over the called line No. 232.
'Ijhus, ‘the interrupted ringback tone signal gated by the
ringback tone gate circuit is rectified to reproduce the
code #2 party line ringing signal originally developed in
ﬂ.le harmonic ringing code forming circuit 92 and con-
sisting of two short ringing pulses. These ringing pulses
are supplied as positive pulses over the conductor 495 to
the called line out gate circuit 424 for the duration of
e?ch positive ringing pulse.” The called line out gate
circuit 424 is thus controlled to release connector signal
pulses to the distributor 154 in the pulse time position
%3¢ which are approximately fifty percent larger in am-
- plitude than those used to convey intelligence signals to
the distributor 155 after the call is answered at the called
substation G. These large amplitude signal pulses are
diverted by the distributor 156 to the line circuit 165 and
serve to control the ringing control facilities in this line
circuit. ‘More specifically, the large amplitude connector
signal pulses which appear on the conductor 51b dur-
ir.lg the ringing intervals of the selected party line ringing
signal are detected in the distributor 155 so as to repro-
duce the ringing pulses, and the ringing pulses are im-
pressed upon a line ringing circuit in the line circuit 165.
Ope;m'ng of the line ringing circuit in the line circuit 165
d}mpg each ringing pulse results in the transmission of
Tinging current over the called line No, 232 during each
short ringing pulse interval. Since the ringing pulses 176
and 171 (Fig. 28(2)) occur during the first ringing period
when 2 66% c.p.s. ringing current is impressed upon the
common ringing cable 61, the frequency of the ringing
current transmitted to the calied line No. 232 during these
two short ringing intervals is 6624 c¢.ps. As discussed
generally above, the substations F and G associated with
the called line 32 are both provided with ringing facili-
ties which respond to 6524 ¢.p.s. ringing current so that
both ringers at these substations are rung for two short
pulses during the first ringing period of each harmonic
ringing cycle. Ringing of both the party line substations
F and G persists until the call is answered at the called
party line substation G or until the call is abandoned at
the calling substation A.

Assuming that the call is answered at the substation
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G, the line circuit 165 functions to change the magni-
tude of the control potential supplied over the conductor
55b" to the multiplexer 115 with the result that the gate
circuit assigned to the line circuit 165 in the multiplexer
1ib is opened to permit multiplexer pulses 83c occur-
ring in the pulse time position 63¢ of each pulse frame
to be transmitted through the multiplexer 115 and over
the conductor 505 to the multiplexer input terminals of
each of the selectors and connectors in the hundreds line
group 13 and by way of the buffer amplifier 1986 to each
of the finders in the hundreds group 13.

The multiplexer pulses 83¢ are impressed upon the call-
ing and called line in gate circuits 467 and 427 in the
connector 131b. In the calling line in gate circuit 497,
the repeated multiplexer pulses 83c¢ are not in coinci-
dence with the acceptor gate pulses impressed upon the
circuit 497 over the conductor 131d and, hence, are not
repeated to the reconstructor circuit 488. However, in
the called line in gate circuit 423 the multiplexer pulses
83c occur in time coincidence with the connector pulses
impressed upon the circuit 423 over the connector pulse
conductor 439 from the connector pulse forming circuit
417. As a consequence, the call answering signal carried
thereby is gated to the reconstructor circuit 422 where it
is detected to produce a potential on the conductor 452
which has the effect of tripping the ring trip circuit 421.

In operating, the ring trip circuit 421 functions to de-
velop a positive potential on the ring trip conductor 453
which has the effect of closing the ringback tone gate
circuit in the network 425 with the result that transmis-
sion-of the interrupted or coded ringback tone signal to
the calling substation is arrested. The called line out
gate circuit 424 responds to the closure of the ringback
tone gate circuit in the network 425 by decreasing by ap-
proximately fifty percent the amplitude of the connector
signal pulses transmitted over the conductor 515 to the
distributor 15b. The ringing control facilities of the line

- circuit 16b respond to this decrease in the amplitude of

40

50

60

75

the connector signal pulses delivered thereto by terminat-
ing the transmission of ringing current to the called sub-
station G. Thus, the ringing operation is arrested.

The positive potential produced on the ring trip con-
ductor 453 also has the effect of conditioning the con-
versation timing control circuit 485 for operation at the
end of a predetermined conversation timing period. The
positive potential on the conductor 453 also has the fur-
ther effect of supplying anode potential to the conversa-
tion timing warning tone gate tube in the conversation
timing warning tone circuit 484. This potential- also is
supplied over the conductor 453 to the party digit regis-
ter 465 to reset this register to zero, and is further ap-
plied to the party register advancer 482 over the conduc-
tor 453 to condition this circuit to respond to conversa-
tion timing pulses which are developed in the conver-
sation timing pulse generator 57 and supplied over the
common conductor 57a to the party register advancers
482 in each of the connectors of the system.

Following the described operations in the selector 1205
and the connector 1315, a two-way talking or communi-
cation circuit is fully established between the calling sub-
station A in the first hundreds group 12 and the party
line called substation G in the second hundreds group 3.
Thus, voice or other signals developed at the substation
A and transmitted over the line No. 123 to the line cir-
cuit 18a serve to vary directly the bias voltage impressed
upon the corresponding gate circuit of the multiplexer
ila over the cenductor 54a in accordance with the in-
stantaneous amplitude of such signals. As a conse-
quence, the multiplexer pulses 84b released by the multi-
plexer 11a over the conductor 594 to the selectors of the
system in the pulse time position 645 are modulated in
accordance with the voice or other signals developed at
the calling substation A. These signal modulated multi-
plexer pulses cannot be accepted by any finder in the
hundreds line group 12 other than the finder 120q, or
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any selector in the hundreds line group 12-other than the
‘selector 120b, or any connector in the hundreds line
‘group 12 because of the busy pulses fed to the busy pulse
out conductor 282a from the circuit 302 in the finder
126a. In the finder 128a the multiplexer pulses 84b
maintain the 4B switching circuit 381 operated to hold
the link 128 asscciated with the line circuit 19e.

The signal modulated multiplexer pulses 84b are also
transmitted through the forward in gate circuit 387 in
the selector 1285 and over the conductor 355 to the for-
ward reconstructor circuit 388 where they occur in time
coincidence with the finder gate pulses impressed upon
the reconstructor. circuit over the conductor 1264 in the
pulse time position 64b. As a consequence, the voice
signal components thereof are detected oi reconstructed
and stored in the reconstructor circuit 388. This stored
signal information is impressed upon the. forward out
gate circuit over the conductor 356. In the forward
out gate circuit the signals derived from the reconstruc-
tor circuit 398 are modulated upon the selector forward
signal pulses developed by the out gate circuit 324 in
the pulse time position 620 assigned to the - selected
acceptor-connector link 131 in .the second hundreds
group 13. The signal modulated selector forward pulses
82h are released by the selector 128h to the acceptors
and connectors of the system over a path which includes
the conductor 195, the selector forward coupling cir-
cuit 186, and the conductor 196. These signal mod-
ulated selector forward pulses cannot be accepted by any
acceptor of the system other than the acceptor 131a or
any connector of the system other than the conmector
1315 because each acceptor-connector link is condi-
tioned to respond only to selector forward pulses cccur-
ring in the time position assigned thereto as determined

- by the acceptor gate pulse forming circuit 402 in each
of the acceptors of the system. In the acceptor 131a
the selector forward pulses 82b maintain the --B switch-
ing circuit 461 operated to hold the acceptor-connector
link 131 associated with the call forwarding selector
1205. The signal modulated selector forward pulses
82b are also transmitted through the calling line in gate
circuit 467 in the connector 131b and over the conduc-
tor 455 to the calling line reconstructor circuit 488 where
they occur in time coincidence with the acceptor gate
pulses impressed upon the reconstructor circuit over the
conductor i3%1d in the pulse time position 62b. As a
consequence, the voice signal comiponents thereof are
detected or reconstructed and stored in the reconstruc-
tor circuit 408. This stored signal information is im-
pressed upon the called line out gate circuit 424 over
the conductor 456. In the called line out gate circuit
424 the signals derived from the calling line reconstruc-
tor circuit 408 are modulated upon the signal pulses
developed by the out gate circuit 424 in the time posi-
tion 63c assigned to the called line No. 232. These
modulated connector signal pulses are transmitted to
the distributor 15b over a path which includes the con-
ductor 52b and the distributor coupling circuit 19315
wherein the signal components of the connector signal
pulses are detected and released by the distributor 15)
to the line circuit 16h. In the line circuit 165 the de-
tected signals are transmitted over the line No. 232 to
the called substation G where they are audibly repro-
duced by the receiver of the instrument provided at this
substation.
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Voice signals developed at the called party line sub-

station G and transmitted over the line No. 232 to the
line circuit 16a cause the bias potential delivered over
the conductor 55b to the corresponding gate circuit of
the multiplexer 11b to vary in exact accordance there-
with. As a consequence, these voice signals are mod-
ulated upon the multiplexer pulses 83c occurring with-
in the pulse time position 63c assigned to the called line
No. 232 and are released through the gate circuit of the
multiplexer 115 and over the conductor 50b to the se-
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lectors and connéctors in the second hundreds group 13
and by way of the buffer amplifier 1965 to the finders
in the hundreds group 13. These pulses cannot be ac-
cepted by any finder in the second hundreds group 13
for the reason that busy pulses, fed to the busy pulse out
conductor 2425 in the time position 63c assigned to the
called line No. 232 by the busy gate circuit 420 of the
connector 131b in the second hundreds group 13, pre-
vent all of the finders in the second hundreds group. 13
from accepting or responding to the described multiplexer
pulses appearing in the time position 63c.

In the connector 13ih the signal modulated multi-
plexer pulses 83c are impressed upon the calling and
called line in gate circuits 407 and 423 and are repeated
by the circuit 423 over the conductor 454 to the called
line recomstructor circuit 422. Due to lack of coin-
‘cidence between the signal bearing multiplexer pulses
83c and the acceptor gate pulses impressed upon the
calling linie in gate circuit 487 over the conductor 1314,
the circuit 407 does not gate these pulses to the recomn-
structor circuit 408. By virtue of the coincidence be-
tween the signal bearing multiplexer pulses 83¢ and the
connector pulses appearing coincidentally on the con-
ductor 439, both of which are impressed upon the called
line reconstructor circuit 422, this circuit detects or re-
constructs. and stores the voice signal components car-
ried by the multiplexer pulses 83c. The signals thus de-
tected by the reconstructor circuit 422 are impressed upon
the calling line out gate circuit 426 over the conducter
457. In the out gate circuit 426 the voice signals mod-
ulate the selector return pulses developed in this cir-
cuit by gating of the linkage sampling pulses impressed
on this circuit over the conductor 405 by the acceptor
gate pulses impressed on the circuit 426 over the con-
ductor 131d.

The signal modulated selector return pulses developed
in the calling line out gate circuit 426 are released by
the connector 1315 to all of ‘the selectors of the system
over a path which includes the conductor 288, the selec-
tor return coupling circuit 188 and the conductor 193.
These signal modulated selector return pulses caanot be
accepted by any selector of the system other than the
selector 120b because only the selector 1205 is condi-
tioned to respond to selector return pulses in the time
position assigned to the seized acceptor-conmector link
131, and the idle pulses appearing in the time position
62b assigned to the acceptor-connector link 131 are re-
moved from the idle pulse in conductor 197 to prevent
any other finder-selector links from seizing the acceptor-
connector link 131.

In the selector 120b the signal modulated selector re-
turn pulses 82b ate impressed upon the return in gate
circuit 323 and are repeated by this circuit over the con-
ductor 354 to the return reconstructor circuit 322. By
virtue of the coincidence between the signal bearing se-
lector return pulses 825 and the selector pulses appearing
coincidentally on the conductor 339, both of which are
impressed upon the return reconstructor circuit 322, this
circuit detects or reconstructs and stores the voice signal
components carried by the selector return pulses 82b. The
signals thus detected by the reconstructor circuit 322 are
impressed upon the return out gate circuit 326 over the
conductor 344. In the out gate circuit 326 these voice
signals modulate the pulses developed in this circuit
through gating of the linkage sampling pulses 96b im-
pessed on the circuit over the conductor 40b by the finder
gate pulses impressed on the circuit over the conductor
120d. The voice signal modulated pulses developed in
the return out gate circuit 326 are supplied to the distribu-
tor 15a over a path which includes the conductor 5ia
and the distributor coupling circuit 191q, and the signal
components thereof are detected in the distributor 15a
and released to the line circuit 10a. In the line circuit
164a the detected signals are transmitted over the line No.
123 to the calling substation A where they are audibly
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reproduced by the receiver of the telephone instrument
provided at this substation.

As will be apparent from the foregoing explanation, a
fully complete two-way talking circuit is established be-
tween the calling and called line substations. Moreover,
this circuit effectively comprises two mutually non-inter-
fering channels between the calling line No. 123 in the
first hundreds group 12 and the called line No. 232 in the
second hundreds group 13 such that voice signals simul-
taneously produced at both substations will be transmitted
without interference through the switching equipment of
the system to the appropriate destination point or sub-
station. ’

As stated gemerally heretofore, the party register ad-
vancer 482 in the connector 131b is conditioned to re-
spond to conversation timing pulses impressed upon the
conductor 57a immediately after tripping of the ring trip
circuit 421 when the called party answers. Concurrently
with the conditioning of the party register advancer 482,
the party digit register 465 is reset to zero since this reg-
ister is no longer required for the gating of a ringback
tone signal after the called party answers and a two-way
talking circuit is established in the manners described
above. The conversation timing pulses are produced at

periodic intervals and the party register advancer 482

responds to each conversation timing pulse by producing a
register drive pulse which is supplied fo the party digit
register 465 over the conductor 491 to advance this reg-
ister one step for each conversation timing pulse. The
conversation timing pulses may occur, for example, at
forty-second intervals so that the party digit register 465
is advanced one stage for each forty-second interval of
the call. - When the ninth counting tube of the party digit
register 465 is extinguished by the tenth conversation tim-
ing register drive pulse produced by the party register
advancer 482, a positive potential is developed on the
conductor 492 which is transmitted to the conversation
timing warning tone circuit 484.

The conversation timing warning tone circuit 484 re-
sponds to the positive potential developed on the conduc-
tor 422 by releasing a warning tone signal derived from
the conversation timing warning tone generator 58 in the
common equipment 17 by way of the conductor 58a,
to the calling line out gate circuit 426 over the conduc-
tor 444. This warning tone signal is also released by the
conversation timing warning tone circuit 484 to the called
line out gate circuit 424 by way of the conductor 494,
The warning tone signal transmitted to the calling line
oui gate circuit 426 is modulated on the selector return
signal pulses developed by this circuit and thus is trans-
mitted by way of the selector return coupling circuit 188
and the call forwarding selector 1206 to the distributor
154 wherein the warning tone signal is reconstructed
and supplied to the line circuit 10a.. In the line circuit
182 the warning tone signal is transmitted over the call-
ing line No. 123 to the calling substation A. The warn-
ing tonme signal transmitted to the called line out gate
circuit 424 is used to modulate the connector signal pulses
developed by this circuit which are transmitted over the
conductor 51b, through the distributor coupling circuit
1915 to the distributor 155 and this warning tone signal
ig detected in the distributor 1556 and supplied by way
of the line circuit 165 to the called substation G. As a
result, both the calling and called subscribers. are informed
by means of the above-described warning tone signal that
the conversation timing period is almost over and that
they have approximately forty seconds in which to com-
vlete the call. )

When the tenth counting tube in the party digit register
455 is extinguished by the eleventh conversation timing
_register drive pulse produced by the party register ad-
vancer 482, a positive potential is developed on the con-
ductor 493 which is transmitted to the conversation Hm-
‘ing control circuit 485, The circuit 485 responds to the
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above-described potential produced on the conductor 493
by developing a conversation timing extinguishing pulse
which is transmitted over the conductor 13ie to the ac-
ceptor 13kg wherein this pulse is transmitted to the --B
switching circuit 401 to effect release of this circuit as
will be described in more detail hereinafter.

In describing the manner in which the system com-
ponents 18a, $ia, 128, 131, 15b and 16b are partially
or wholly released upon termination of the call by either
varty and independently of the above-described conver-
saticn timing facilities, it may be assumred first that the
called party at the party line substantion G is the first
to hang up. In such case, the bias potential delivered
from the line circuit 185 over the conductor 55b to the
corresponding gate circuit of the multiplexer 116 is re-
stored to its normal value when the called line loop cir-
cuit is opened with the result that multiplexer pulses 83¢
agpearing in the time position 63c are no longer trans-
mitted over the conductor 5¢b to the finders, seleciors
and connectors in the second hundreds group 13. Such
termination of multiplexer pulse transmission in the time
position 63¢ to the linkage in the second hundreds group
13 has no effect other than that of inactivating the con-
nector components 423 and 422 and the removal of mod-
ulation components from the selector return pulses trans-
miited by way of the circuit 426 to the call forwarding
selector 205, Busy pulses in the time position 63¢ as-
signed to the called line continue to be fed to the busy
pulse out conductor 262b in the second hundreds group
13, from the busy gate circuit 429 of the connector 1315,
thereby to prevent substations associated with the called
line No. 232 from originating a call or accepting an
incoming call. This, of course, means that if the sub-
scriber at the substation G picks up his receiver or hand
set before the connection is released at the calling sub-
station A, a two-way talking circuit between the calling
and called lines is re-established.

When the calling line subscriber disconnecis by re-
placing the receiver or hand set at the substation A on its
supporting hook or cradle, the loop circuit extending by
way of the line No. 123 to the line circuit 184 is opened
with the result that the bias potential supplied cver the
conductor 54a’ to the corresponding gate circuit of the
multiplexer 1ia is restored to its normal value. As a
consequence, this gate circunit is biased to terminate the
transmission of multiplexer pulses 845 occurring in the
pulse. time position 645 over the conductor 50z to the
finders, selectors, and connectors in the first hundreds
group I2. When the transmission of multiplexer pulses
845 to the pulse input circuit 30¢ of the finder 128z is
thus terminated, this circuit is rendered inactive to repeat
puises to the finder circuits 301, 363 and 304. After
& predetermined time interval measured by the overall
time constant of the +B switching circuit 363, this circuit
responds to cessation of multiplexer pulse transmission
thereto by removing the operating potential from the con-
ductor 228c.  As a consequence, the tens and units coin-
cidence tube circuits 383 and 384 of the finder 129¢ are
restored to normal to interrupt the production of finder
gate and busy pulses in the pulse time position 64b by
the finder pulse forming circuit 305. Thus, the appli-
cation of pulses to the combining circuit 392, and hence
to the busy pulse out conductor 2024 in the pulse time
positicn 645 assigned to the calling line No. 123, is ar-
rested. Removal.of operating potential from the con-
ductor 32Gc has the effect of rendering the self-allotting
circuit- 365 of the fnder 128q operative tc reassociate
the finder-selector link 120 with another calling line in
the first hundreds group 12 to handle another call on one
of these lines. Cessation of busy pulse iransmission to
the busy pulse out conductor 2024 in the pulse time posi-
tion 645 has the effect of marking the calling line No.
123 as idle to permit initiation of a second call on this
iine or seizure of the line on a call incoming thereio.

Removal of operating potential from the conductor
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128¢ also has the effect of restoring the component cir-
cuits 309, 311, 312 and 397 of the selector 1205 to nor-
mal thereby to condition the selector 1205 to handle an-
other call. Concurrently therewith selector forward pulse
production on the conductor 195 in the pulse time posi-
tion 62b assigned %o the acceptor-connector link 131 is
terminated, and connector busy pulse transmission over
the conductor 2054 is likewise terminated.

When the transmission of connector busy pulses in the
time position 626 assigned to the acceptor-connector link
131 is thus terminated, the idle pulse circuit 419 in the
acceptor 131q is returned to normal so that idle pulses
appearing in the time position 626 assigned to the link
131 are produced on the idle pulse out conductor 198
and are transmitted to all of the selectors of the system
to inform these selectors that the link 131 is free for
use in completing another call to one of the lines in- the
second hundreds group 13.

VWhen the transmission of selector forward pulses 825
to the acceptor control gate circuit 486 of the acceptor
131q is thus terminated, this circuit is rendered inactive
to repeat pulses to the 1B switching circuit 461 -and
after a predetermined time interval, measured by the over-
all time constant of the -}-Bswitching circuit - 491, this
circuit responds to the cessation of selector forward pulse
transmission thereto by removing operating potential from
the conductor 13%c. Removal of operating potential from
the conductor 131c has the effect of restoring the com-
ponent circuits 409, 411, 412, 415, 416, 418, 419, 464,
465 and 485 of the connector 1315 to normal thereby to
condition this connector to handle another call iricoming
to the hundreds group 13. It will be noted that normal-
izing of the circuits of the connector 1315 has the effect
of restoring the components of this connector to the con-
dition which prevailed at the time the acceptor-connecior
link 131 was taken into use to complete the call just
described. It will further be noted that when the calling
subscriber is the first to release the connection, the finder-
selector link 120 is immediately released under the con-
trol of the -FB switching circuit 301 embodied in the
finder 120¢ and the acceptor-connector link 131 is also
released so that the called line No. 232 in the hundreds
group 13 is no longer busied. However, in such case
the line circuit 165 associated with the called line No. 232
immediately- assumes a. setting indicating that the line
No. 232 is calling with the result that an idle one of the
finder-selector links 130, 132 and 134 in the second
hundreds group 13 is reassigned to the called line No.
232 under the control.of the self-allotting circuits thereof,
and the usual dial tone signal is returned -to the sub-
seriber at the line No. 232. This signal has the effect
of indicating to this subscriber that the connection has
been released at the calling substation and that he should
hang up.

As will be-evident from the immediately preceding ex-
planation, the key components involved in effecting re-
lease of the tandem connected . finder-selector link 129
and the acceptor-connector link 131 in the illustrated
call, either automatically at the end of the conversation
timing interval or under the control of the calling or
called line subscribers, are the --B switching circuit 301
in the finder 1284 and the --B switching circuit 401 in
the acceptor 131a. So long as multiplexer pulses are
repeated to the switching circuit 361 by the pulse input
circuit 300 in the time position assigned to the calling
line, this circuit positively prevents release of the finder-
selector link 12@ and holds the calling line out of serv-
ice, i.e., prevents use of the same in initiating outgoing
calls' or accepting incoming calls. In the same man-
ner, so long as selector forward pulses are repeated to
the --B switching circuit 401 in the acceptor 13ia by
the acceptor control gate circuit 449 in the time posi-
tion assigned to that particular accepior-connector link,
the circuit 461 positively prevents release of the acceptor-
comnector link 131 and holds the called line in the called
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line group out of service, i.e., prevents use of the same
in initiating outgoing calls or accepting incoming calls.
However, when either multiplexer pulse transmission
or selector forward pulse transmission is arrested for a
period of time greater than approximately  one-fourth
of a second, the controlled switching circuit immediately
cffects release of the associated link regardless of the ex-
tent of progress of the call and regardless of whether or
ot the connection has been released at the called sub-
station. This normalizing of the +B switching circuits
301 and 401 will effect release of the links 126 and 131
jpon abandonment of the call which the links are as-
signed to handie at any point in the progress of setting
up the desired connection.

In the event that the conversation timing period ex-
pires and the conversation timing control circuit 485
in the connector 131b is operated, this circuit produces
a conversation timing extinguishing pulse which is-trans-
mitted to the --B switching circuit 481 in the acceptor
4314 over the conductor 13le, more particularly to the
cathode of the +B switch tube 509 (Fig. 19) in the
circuit 493, so that operating potential is removed from
the conductor 13ic and the component circuits 469, 411,
412, 415, 416, 418, 418, 464, 465 and 485 of the com-
nector 131b are restored to normal and all gas tubes in
these circuits are de-ionized. However, since the selec-
tor 128b continues to transmit selector forward pulses
in the time position 625 assigned to the acceptor-connec-
tor link 131b, the acceptor-connector link 131 is reseized
and the --B switching circuit 4¢1 in the acceptor 13%a
is refired to again produce operating potential on the
conductor 131c. However, since all of the indicated
circuits in the connector 1315 have been returned to nor-
mal, the talking paths therethrough are permanently in-
terrupted so that the two-way talking connection is
broken. Furthermore, since the busy gate circuit 420
in the connector 1315 no longer transmits busy pulses in
the time position 63c assigned to the called line No.
732 to the other linkage in the second hundreds group
13, the line circuit 165 immediately assumes a setting in-
dicating that the line No. 232 is calling, with the result
that an idle one of the finder-selector links 130, 132
and 134 in the second hundreds group 13 is reassigned
to the called line No. 232 and the usual dial tone signal
is returned to the called subscriber thereby indicating
that the connection has been released at the end of the
conversation timing interval and that he should hang up.
When the two-way talking circuit between the calling and
called substations is broken in the manner described
above at the end of the conversation timing interval, the
calling subscriber does not hear a busy tone but instead
is informed that the connection is broken by the silence
at the other end of the line.

DETAILED DESCRIPTION OF THE SYSTEM

In considering the detailed circuitry of the system com-
ponents briefly described above, operation of these com-
ponents will be analyzed insofar as possible in terms of

‘functions which they perform in establishing the above-

described connection between the substation A and the
substation G in response to the call initiated at the sub-
station A. Before considering the details of the system
components, however, it is pointed out generally that
corresponding reference characters have been used
throughout the drawings to identify corresponding cir-
cuit elements of the system. Tt is also pointed out that
all pulse carrying coaductors, such, for example, as the
signal pulse transmission conductors §&a and 51a are
in the form of coaxial cablés or transmission lines having
low pulse attenuating preperties at the pulse frequencies
employed. In certain instances, the coaxial cables pro-
vided to connect two or more components of the system
have been illustrated, but it should also be remembered
that all of the other illustrated pulse carrying conductors
are of the proper type. On the other hand, all illustrated
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conductors which function as direct current potential or
audio signal carrying conductors are in the form of open
or shielded wire.

Throughout the following detailed description of the
system, the tube types employed are specifically identi-
fied. Moreover, those tubes of the system which are of
the gas filled or thyratron type are so identified in the
drawings through the use of a small dot within the tube
envelope circle and opposite the tube cathode to indicate
the gas content of the tube. It is also pointed out that
unless necessary to an understanding of the operation of
a particular system component, those circuit elements
which perform entirely conventional functions in the
circuits, namely, functions which will be readily under-
stood by those skilled in the art, have not been identified
in the drawings or referred to in the following descrip-
tion of the system components.

As used in this specification, the terms “electronic”
and “electronic means” refer to and are intended to de-
fine means comprising electron conducting devices, such,
for example, as electron tubes, gas tubes, crystal recti-
fiers, semi-conductors and the like, together with inter-
connecting circuit components therefor, and to exclude
all electromechanical devices embodying moving me-
chanical parts such, for example, as relays, stepping
switches, and the like.

Also, in order to reduce the complexity of this specifica-
tion those system components which are substantially
identical to the corresponding system components of the
co-pending application cf Robert B, Trousdale and Frank
A. Morris, Serial No. 134,974, filed December 24, 1949,
and assigned to the same assignee as the present invention,
or the corresponding system components of the co-pend-
ing application of Robert B. Trousdale, Serial No. 301,215,
filed on July 28, 1952, and assigned to the same as-
signee as the present invention, will be only briefly de-
scribed in this specification, reference being had to thess
co-pending applications for a complete and detailed de-
scription of the particular system components. Further-
more, the master oscillator 18, the phase shifter and pulse
former 19, the pulse forming circuit 19a, the commu-
tator drive circuit 25, the units pulse ring circuit 28, the
tens pulse ring circuit 21 and the channel pulse commu-
tator 22 may all be substantially identical to the cor-
respoading system components described in detail in the
co-pending application of Robert B. Trousdale, Serial No.
263,264, filed December 26, 1951, and reference may be
had to this application for a complete and detailed de-
scription of these system components.

Busy tone generator 29a

This generator is identical to the corresponding sys-
tem component described in detail in the co-pending ap-
plication, Serial No. 134,974, identified above and is pro-
vided for the purpose of supplying a signal voltage which
is utilized in signalling calling subscribers when the lines
to which calls are routed are tested and found busy.

Busy tone generator 29d

This generator is identical to the busy tone generator
29a except for the fact that the audible tone signal is in-
terrupted at a rate of one hundred twenty impulses per
minute instead of at a rate of sixty impulses per minute
as in the busy tone generator 284, In other respects, the
generators 29z and 2%d are ideutical. It will be re-
called that the 120 LP.M. busy tone signal is employed
in the selector stages of the equipment and also in the
all links busy circuits 192a, 1926-192j to inform the
calling subscribers either that no finder-selector linkage
is available in the calling line hundreds group or that no
acceptor-connector linkage is available in the called line
hundreds group.

Dial tone generator 29b

This generator is identical to the corresponding sys-
tem component described in detail in the co-pending ap-
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plication, Serial No. 134,974, identified above, and is pro-
vided for the purpose of producing a signal voltage which
is employed to signal calling subscribers that dialing op-
crations may be initiated. The circuitry of this generator
is uniquely arranged to preduce a wobbly dial tone sig-
nal, i.e., a one-hundred-eighty-cycle signal modulated at
fifteen cycles which accurately simulates dial tone signals
of similar character commonly in use at the present time.

Ringback tone generator 29c

This generator is substantially identical to the corres-
ponding system component described in detail in the co-
pending application, Serial No. 134,974, identified above,
and is provided for the purpose of generating a low fre-
quency signal voltage which is used to signal a calling
substation that a called substation is being rung. . More
particularly, this generator is designed to produce a sig-
nal voltage having a frequency of approximately two
hundred cycles per second to which is added a lower fre-
quency component of approximately twenty cycles per
second. However, the output of the ringback tone gene-
rator 29¢ of the present invention is supplied over the
conductor 27h to the harmonic ringing medulator cir-
cuit 1060, whereas in the co-pending application, Serial
No. 134,974, identified above, the cutput of the ring
back generator 29 is supplied to a ringing keying cir-
cuit to provide the conventional ringing sequence of one
second on and four seconds off. In the system of the
present invention, the continuous wave output of the
ringback tone generator 29¢ is gated in the modulator
circuit 30€ in the manner described generally above to
provide two different ringback tone signals during each
of the five harmonic ringing periods in each ringing cycle,
as determined by the harmonic ringing code forming cir-
cuit 99.

Supervisory carrier supply circuit 26

This circuit is identical in many respects to the cor-
responding system component described in detail in the
co-pending application, Serial No. 134,974, identified
above, and is provided to produce a sine wave signal
voltage which is in synchronism with the master oscil-
lator 18 and has a frequency of approximately one hun-
dred kiloclycles which is supplied to the various line cir-
cuits of the system over the common conductor 37 for
call forwarding operations in the manner described more
fully below. However, in the supply circuit 26 of the
present invention a supervisory carrier drive circuit is in~
cluded in the circuit 26 to provide a relatively high power
low impedance drive source from which the sine wave
signal voltage of the circuit 26 may be supplied to all of
the finders of the system to permit a self-allotment of the
finder-selector links of the system to calling lines within
the associated hundreds line group. The supervisory car-
rier drive circuit embodied in the supply circuit 26 is sub-
stantially identical to the corresponding portion of the sys-

- tem component identified as the “link coupling circuits 24”

disclosed and described in detail in my co-pending appli-
cation, Serial No. 257,712, filed on November 23, 1951,
and assigned to the same assignee as the present inven-
tion.

Selector allotting circuit 20b

As described generally heretofore, this circuit is pro-
vided for the purpose of allotting the selectors of the sys-
tem so that two or more selectors which are handling
calls intended for the same hundreds line group do not se-
lect the same idle pulse and hence are prevented from
setting up a double connection. In this connection, it
will be understood that the selector allotting circuit 2056
in the illustrated embediment wherein ten percent trunk-
ing is provided, has one hundred output conductors 20-1,
28-2, 20-3 to 26-189, inclusive, one for each selector of
the system. However, if a fewer number of selectors. is
employed, the circuit 206 may have correspondingly few-
er output conductors.
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The details -of the circuit 205 are shown in Fig. 33 of
the drawings. = Referring to this figure, a. selector -allot-
ting circuit 200 comprises an input tube 3300, a pulser
tube 3301, a series of one hundred switching tubes con-
nected in endless series to form .a one hundred tube
ring circuit, of which. the first. tube 3302, the second
tube 3303, the third tube 3304 and the one hundredth
tube 3305 are shown in the drawings, and a series of
one hundred cathode -follower -output tubes which are
individually controlled by the switching tubes of the ring
circuit, the first output tube 3306, the second output
tube 3367, the third output tube 3308, and the one
hundredth output tube 3309 being illustrated in Fig. 33.
The tubes 3300, 3301 and: 3306-3309, inclusive, are pref-
erably of the commercial type 6C4, and the switching
tubes 3302-3305, .inclusive, are preferably of the second-
ary emission type such as disclosed in Skellett Patent No.
2,293,177, .

The one hundred tube ring circuit in-the selector allot-
ting circuit 205 is generally similar to the ring circuit
described in the prior patent of Robert B. Trousdale,
No. 2,512,984, and reference may be had to this patent
for a detailed  description thereof. However, for the
purposes. of the present invention, it may be stated that
any tens pulse produced by the tens pulse ring 21 may
be employed to derive ring drive pulses which occur at
the rate of one pulse for each time position frame. In
the illustrated embodiment, the tenth tens pulse 81a,
appearing on the conductor 32j, is coupled through the
condenser 3310 to the control grid of the tube 3300
and is repeated across the cathode resistor 3311 of this
tube. The pulser tube 3301 :is arranged as a. blocking
oscillator and produces relatively sharp positive  pulses
across the output winding 3312 thereof in response to
each pulse repeated to the control grid thereof from
the resistor 3311. A rectifier 3313 blocks the negative
overshoot from the ring drive pulses produced across
the winding 3312 and these pulses are coupled through
the condenser 3314 to the common ring drive conductor
3315 of the one hundred tube ring circuit. Each ring
drive pulse has the effect of cutting off all of the tubes
of the ring circuit for the duration of the pulse. If it
is assumed that the tube 3302 was conducting just prior
to a given ring drive .pulse, it will be seen that all other
switching tubes are prevented from conducting due to
the flow of current from the tube 3302 through the
common cathode resistance :3316 and 3317.  However,
when the tube 3302 is cut off by a ring drive pulse in
the conductor 3315, the potential increase at the first
anode 3362a thereof is coupled through the. condenser
3318 to the control grid of the next tube 3303 in the
ring and after the ring drive pulse has disappeared from
the conductor 3315 has the effect of rendering the tube
3303 conductive. The tube 3383 is held fully conduc-

. tive by means of the feedback network 3319, connected:

" between the dynode 3303b and the conirol grid of the
tube 3303, until the next ring drive pulse appears on
the conductor 3315 at which time the tube 3303 is cut
off and the cycle is repeated. It will thus be evident
that the tubes 3302-3305, inclusive, are sequentially
rendered conductive for. one time position frame out
of every hundred time position frames and positive
selector allotting pulses of this duration may be derived
from the dynodes 33025, 3303b, et cetera, of these tubes.
These positive allotting pulses are respectively trans-
mitted to the control grids of the output tubes 3306—
3309, inclusive, and are sequentially developed on the
output conductors 20-1, 20-2, 20-3 to 20-100 thercof.
Accordingly, the selectors of the system are sequentially
allotted during the selection of an idle acceptor-
connector link :so that double connections are avoided.
Thus, during the period when. an allotting pulse is pro-
duced on-the conductor 20-1, the selector 1205 is per-
mitted ‘to select an -idle -acceptor-connector link in the
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called hundreds line group and all other selectors of
the system are prevented from sclecting a link during
this period.

Tn the event that it is desired to space the selector
allotting -pulses apari so as to give the seized acceptor
time to remove its idie pulse from the common idle
pulse out conductor 198, the number of tubes in the

- ring -circuit may be increased and the output conductors

20-1, 20-2 to 20-100 connected only to spaced ones of
the switching tubes so that spaced allotting pulses are
sequentially supplied to the selectors of the system.
Such an arrangement may be desired, for example, if
the 4B switching circuit 401 in the seized acceptor is
employed to control removal of the idle pulses from
the idle pulse conductor 198, since the circuit 461 pro-
vides a certain time delay before it operates, as will be
described in more detail in connection with the acceptor
13ia.
Harmonic ringing oscillator 97

This -circuit: is identical to the corresponding system
component described in detail in my co-pending appli-
cation, Serial No. 301,215, identified above, and is
designed to provide a highly accurate and stable refer-
ence frequency which may be used to derive the five
different ringing frequencies employed in the harmonic
ringing system described generally above. Preferably,
the oscillator 97 has a frequency of 1200 c.p.s. and the
output.thereof is transmitted over the conductor 102 to
the harmonic frequency generator 98.

~Harmonic ringing frequency generator 98

This circuit. is" identical to the corresponding system
compounent ‘described in: detail in my co-pending appli-
cation, Serial No. 301,215, identified above, and is pro-
vided for the purpose of deriving the five ringing fre-
quencies ‘of the harmonic series from the 1200 cycle
reference frequency produced by the harmonic ringing
oscillator 97. The five different ringing frequencies are
transmitted over the conductors 103-107, inclusive, to
the harmonic ringing modulator circuit 100.

‘Harmonic ringing code forming circuit 99

This circuit is identical to the corresponding system

-component described in. detail in my co-pending appli-

cation, Serial No. 301,215, filed on July 28, 1952, and
assigned to the same assignee as the present invention,
and is provided for the purpose of establishing a series
of five successive ringing periods of approximately one
and one-half seconds duration each which recur in repeti-
tive ringing cycles, each ringing period being separated
by a short guard interval of approximately one-tenth

of a second; and of developing during each ringing

period ‘two differently coded ringing signals so that a
total of ten harmonic ringing signals are produced dur-
ing each harmonic ringing cycle. The coded ringing
pulses produced by the circuit 99 are employed to modu-

late or key the continuous ringback tone signal from

the ringback tone generator 29¢.

Harmonice ringing modulator circuit 100

This circuit is identical to the corresponding system
component described in detail in my co-pending applica-
tion, Serial No. 301,215, identified above, and performs
the functions of producing interrupted tone signals which
individually correspond to the code numbers 1-10, in-
clusive, developed by the harmonic ringing code forming
circuit 99 and illustrated in Fig. 28 of the drawings, and
of sequentially impressing the five different. ringing fre-
quencies upon the common output conductor 168 during
the five different ringing periods of each harmonic ring-
ing cycle. The multiplexed ringing frequencies appear-
ing on the conductor 108 are transmitted to the harmonic
ringing amplifier and supply circuit 101. '
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Harmonic ringing amplifier and supply circuit 101

This circuit is identical to the corresponding system
- component described in detail in my co-pending appli-
cation, Serjal No. 301,215, identified above, and performs
the functions of amplifying the commutated or multi-
plexed ringing frequencies to a sufficient power and volt-
age level to operate the tuned bell ringers in the sub-
scribers’ subsets; filtering the square waves from the ring-
ing frequency sources to obtain a multiplexed wave form
suitable for ringing purposes; and eliminating the transient
disturbances resulting from abrupt switching from one
ringing frequency to another. The multiplex ringing fre-
quency signal is impressed upon the conductors 61a and
615 forming the illustrated cable 61 and is transmitted
to all of the line circuits of the system. -

Conversation timing pulse generator 57

This circuit is identical to the corresponding system
component shown and described in detail in my co-
pending application, Serial No. 301,215, identified above,
and provided for the purpose of developing conversation
timing pulses which have a repetition rate of approxi-
mately one pulse every forty seconds and which are sup-
plied to all of the connectors of the system over the
common conductor 574.

Conversation timing warning tone generator 58

This circuit is identical to the corresponding system
component shown and described in detail in my co-
pending application, Serial No. 301,215, identified above,
and is provided for the purpose of developing a warning
tone signal, preferably a four hundred cycle sinusoidal
wave, which is used as a warning tone signal to indicate

_ to the calling and called subscribers that the conversation -

is about to be terminated automatically. The warning
tone signal developed by the generator §8 is transmitted
to all of the connectors of the system over the conductor
58a. ’

Trunk hunting drive pulse generator 59

This circuit is identical to the corresponding system
component shown and described in detail in my co-
pending application, Serial No. 301,215, identified above,
and is provided for the purpose of developing trunk hunt-
ing drive pulses which are utilized in the conmectors of
the system to perform the trunk hunting operation in the
event that a trunk hunting operation is necessary to set
up the call. The trunk hunting drive pulses produced
in the circuit 59 are transmitted to all of the connectors
of the system over the conductor 59a.

All links busy circuits, 192a, 192b—192j, inclusive

These circuits are individually identical to' the corre-
sponding system component shown and described in detail
in the co-pending application of Frank A. Morris, Serial
No. 241,351, filed on August 10, 1951, and assigned to
the same assignee as the present invention. The all links
busy circuits are individually associated with the differ-
ent hundreds groups of the system and each of these cir-
-cuits performs the function of transmitting a busy tone
signal having an interruption rate of 120 ip.m. to the
calling subscriber to indicate that there are no idle finder-
selector links available in the calling line hundreds group.
Essentially, the all links busy circuit performs this func-
tion by removing modulation from the multiplexer pulses
produced in the time position assigned to the calling line
which is unable to find linkage and of remodulating these
pulses with a 120 i.p.m. busy tone signal and transmitting
the remodulated pulses to the distributor in the. calling
line hundreds group for distribution back to the calling
line.

Buffer amplifiers 190a, 190b-190j, inclusive, and acceptor
drive circuit 189

These circuits are each identical to the buffer shown
and described in detail in the co-pending application of
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Robert B. Trousdale, Serial No. 301,087, filed on July 26,

1952, and assigned to the same assignee as the present

invention. * Each of the buffer amplifier circuits performs
the function of isolating the associated multiplexer from

-the finders in the same hundreds group and of increasing

the amplitude of the multiplexer pulses to provide relia-
ble operation of the finders in this hundreds line group.
The. pulses developed at the output side of the buffer
amplifier may be called finder drive pulses. Thus, the
buffer amplifier 190a effectively isolates the multiplexer
1ig from the finders 120q, 122 and 124a in the first
hundreds line group 12 and supplies finder drive pulses
to these finders. In the same manner, the acceptor drive
circuit 189 performs the function of isolating the selectors
of the system from the acceptors of the system and pro-
vide relatively large amplitude acceptor drive pulses cor-
responding to the selector forward pulses transmitted
through the selector forward coupling circuit 186.

Busy pulse drive circuits 193a, 193b-193j, inclusive

Each of these circuits is identical to the correspond-
ing portion of the system component shown and de-
scribed in detail in the co-pending application of Robert .
B. Trousdale, Serial No. 257,712, identified above, where-
in the corresponding system component is identified as
the “link coupling circuits 24” and the busy pulse drive

. channe! thereof corresponds exactly to the busy pulse

drive circuits of the present invention. However, it will
be noted that each of the busy pulse drive circuits 193a,
1935-193j of the present invention is associated only with
a particular hundreds group so that line busying of the

_system is performed on a hundreds group basis.

Truck marking pulse generators 194a, 194b-194j, in-
clusive

Each of these generators is identical to the corre-
sponding system component shown and described in de-
tail in the co-pending application of Robert B. Trousdale,
Serial No. 301,215, identified above, and is provided for
the purpose of generating trunk marking pulses which
are supplied to the connectors in the same hundreds

.group to mark certain lines in that hundreds group as

trunks.

Selector forward coupling circuit 186, selector return
coupling circuit 188, idle pulse coupling circuit 187,
connector busy pulse coupling circuit 205, distributor
coupling circuits 191a, 191b-191j, inclusive

The above-identified coupling circuits are all identical
and one of these coupling circuits, namely, the selector-
forward coupling circuit 186, is shown in detail in Fig.
20 of the drawings. It will be recalled from the general
description of the system that the coupling circuits are
provided for the purpose of driving the relatively low
impedance cables which interconnect the linkage of the
system. Also, these coupling circuits perform the further
function of inverting the signal pulses impressed upon the
input circuits thereof. Thus, considering the coupling
circuit 186 shown in detail in Fig. 20, selector forward
pulses which are impressed upon the conductor 195
through the forward out gate circuits 324 of the selectors
of the system, are coupled through the condenser 2019
to the control grid of a pentode type amplifier 2011, pref-
erably of the commercial type 6AU6, and the crystal
rectifier 2012 is connected between the first control grid
and cathode of the tube 2611 to provide a positive clamp-

" ing action for the negative pulses supplied to this control

grid. These pulses are amplified and inverted in the
tube 2811 and appear as amplified positive selector for-
ward pulses across the anode resistor 2013 of the tube
2011. These amplified selector forward pulses are cou-
pled through the condenser 2014 to the control grid of
a cathode follower tube 2015, preferably of the com-

-mercial type 6L6, and are transmitted to the 300 ohm

coaxial cable 196 which forms the cathode load resistor
for the tube 2015. The selector forward pulses thus
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produced across the low impedance cable 196 are, trans-
mitted to ‘all of the connectors of the system in. the man-
ner described -above. In a similar manner, the idle
pulses produced on the conducnor 198 are ampllﬁed and
inverted in the idle pulse couphng circuit 187 and are
transmitted to all of the selectors of the system.over the
cable 197, Likewise, the selector return pulses which
are impressed upon the conductor 200 from the con-
nectors of the system -are amphﬁed and 1nverted in the
selector return coupling circuit' 188 and are transmitted
to the selectors of the system over the cable 199,
Furthermore, the connector busy pulses -developed by
the selectors of the system are amplified and inverted
in the connector busy pulse coupling circuit 265, and
transmitted over the cable 205b to all of the acceptors
of the system. Also, the selector signal pulses and con-
nector signal pulses impressed upon one of the con-
ductors 51a,” 51b-51j, inclusive, are amplified and- in-
verted in the corresponding one of the distributor cou-
pling circuits 191a, 1915-191j, inclusive, and are trans-
mitted thereafter to the corresponding distributor in the
same hundreds line group. '

Line circuits 10a and 16b

As previously indicated, the two identified line- cir-
cuits are respectively utilized to terminate the private
line No. 123 in the first hundreds groups 12 and the
party line No. 232 in the second hundreds group 13 at
the exchange end of the system. These two line cir-
cuits, as well as the line circuits terrnmatmg all. of the
other lines of the system, are identical in circuitry and
mode -of operation and may be identical to the corre-
sponding system component shown and described in de-
tail in the co-pending application of Robert B. Trous-
dale, Serial No. 301,215, identified above.

Multiplexers 11, 11b-11j, inclusive

As pomted out in the general description of the system,
these circuits, which are individually associated with
each hundreds line group, are provided for the general
purpose of sampling control and intelligence signals de-
veloped on calling and called lines of the. associated
hundreds groups in the time positions of each pulse frame
individually assigned to the lines from which the signals
are respectively derived -and transmitting multiplexer
pulses modulated with. the sampled control and intelli-
gence signals over the respective multiplexer output con-
ductors 50a, 5850, 1nclu51ve, to the associated finders,
selectors and connectors in each hundreds group of the
system. Each of these multiplexer circuits is capable
of sampling signals appearing on each of the hundreds
lines of -the associated hundreds group at a sampling
repetition rate of ten kilocycles.

Each of the multiplexers 11a, 115-11j, inclusive, may
be identical to the corresponding system component de-
scribed in the co-pending application, Serial No. 134,974,
identified ‘above, or the co-pending application of Robert
B. Trousdale, Serial No. 205,641, filed January 12; 1951,
and assigned to the same assignee as the present inven-
tion. However, it will be appreciated from the foregoing
general description that a given type of multiplexer is
designed to operate with the intelligence and supervisory
signal channels of a given type of line circuit. Thus, the
type of line circuit disclosed in the co-pending applica-
tion, Serial Mo, 134,974, is adapted to supply the intel-
ligence and control signals over the same conductor to
the corresponding gate tube of the associated multiplexer,
whereas, in the co-pending application, Serial No, 205,641,
the intelligence and control signals are supplied over
separate  paths to scparate control grids of the corre-
sponding gate tube in the associated multiplexer, Since

the intelligence and supervisory channels of the line cir- .

cuits of the present invention are of the latter type, it
will be understood that a multiplexer of the type shown
in co-pending application, Serial No. 205,641, is to be
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used with these line. cirenits. - However, it will be under-
stood that either. type of line circuit or ‘multiplexer com-
bination may be employed'insofar as the over-all system
of the present invention’ is concerned

Finder 120a

This circuit, as well as all of the other finders of
the system,. is identical to the corresponding system com-
ponent shown and described in detail in the co-pending
application of Robert B, Trousdale, Serial No. 301,087,
filed on July 26, 1952, and assigned to the same assignee
as the present invention, and is provided for the pur-
pose of identifying the time position of a calling line
within the associated hundreds group upon the initiation
of a call upon this, line; operatively associating the finder
with the calling line by providing a finder gate pulse in
the calling line time position which is forwarded to the
associated selector 1205h; providing operating potential
for. certain circuit components of the associated selector
1205; prov1dmg a busy -pulse in the calling line.time
position which is transmitted to all of the other finders
and connectors in the same hundreds group; and rec-
ognizing an extended on‘hook condition at the calling
line as abandonment or dismissal of the call and effect-
ing release of the associated selector 1205 thereafter by
removing the operating potential from the associated
selector. )

In this connection, it will be understood that other
types of line finders may be employed in the system of
the present invention. For example, the type of line
finder shown and described. in detail in co-pending appli-
cation, Serial No. 134,974, ldentlﬁed above, may be em-
ployed. However, if a line finder of the latter type is
employed, it is necessary to provide in the common equip-
ment 17 tens and units pulse rings 21 and 20 which are
adapted to provide both positive and negative tens and
units pulses since the line finder disclosed in the co-
pending application, Serial No. 134,974, is adapted to
operate with negative tens and units pulses.

Connector 131b

This circuit, as well as the other connectors of the
system, is identical to the corresponding system com-
ponent shown and described in detail in the co-pending
application, Serial No. 301,215, identified above, and is
employed to perform the numerous functions described
in detail heretofore in connection with the tracing of a
call from the calling substation A to the called substation
G. In this connection, it will be understood that the
associated acceptor 131a replaces the associated line
finder in the system shown and described in the co-
pending application, Serial No. 301,215, and supplies
acceptor gate pulses and a B switching potential to the
connector 13ib which respectively correspond to the
finder gate pulses and the B switching potential fur-
nished by the line finder in the system shown in co-
pending application, Serial No. 301,215, identified above.
Also, the sclector forward conductor 196 replaces ihe
multiplexer output conductor 50 and the selector return
conductor 206 replaces the distributor input conductor
53 in the system shown in copending application, Serial
No. 301,215, identified above, and no dial tone gate
tube is required in the comnectors of the present system
since dial tone is returned by the selectors.

In this connection, it will be understood that the con-
versation timing facilities in the connector 1336 may be
altered in the manner described in detail in the copend-
ing application, Serial No. 301,215, identified above, so
that the connector 1315 is made busy at the end of the
conversation timing period instead of sending a conversa-
tion timing extinguishing pulse over the conductor 13ie
to the associated acceptor 131a.  With this modification,
the conductor 131e between the acceptor 131a and the
connector 1315 is not required in each of the acceptor-
connector links of the system. Furthermore, with thls
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modlﬁcanon a busy tone signal is released to the callmg
subscriber at the same time that the dial tone signal is
returned to the called subscriber in a manner described
above so that both the calling and called subscribers
are informed that the call has been terminated auto-
matically.

Distributors 15a, 15b-15j, inclusive

As pointed out in the general description of the system,

each of these circuits is provided for the general purpose
of distributing signals derived from the signal sample
modulated connector pulses developed in the connectors
in the same hundreds group and the signal sample
modulated selector pulses developed in the selectors in
the same hundreds group to the line circuits terminating
the calling and called lines in this group. Thus, for ex-
ample, in the first hundreds group 12, the distributor 154
is capable of distributing signals derived from the signal
modulated connector pulses appearing in different time
positions on the common distributor channel input con-
ductor 51a to the respective line circuits in the hundreds
line group 12 under the directive control of the con-
nectors 1215, 1235-125b in the first hundreds group 12.
Also, the distributor 154 is capable of distributing signals
derived from the signal modulated selector pulses appear-
ing in different time positions on the common distributor
channel input conductor 51a to the respective line cir-
cuits in the first hundreds group 12 under the directive
control of the selectors 1205, 122b—124b in the first
hundreds group 12.
. Each of these distributors may be of the type described
in detail in either of the above identified co-pending
applications, Serial No. 134,974 and Serial No. 205,641,
However, it will be understood that a particular type of
distributor is designed to operate with a particular type
of line circuit. With a line circuit of the type shown in
the co-pending application, Serial No. 205,641, it is nec-
essary to use a distributor of the type shown in this same
co-pending application, since no provision is made in
the line circuits shown therein for detecting the signals
which are modulated on the connector signal pulses and
selector signal pulses produced on the conductors 51a,
51b-51j, such detection being accomplished in the dis-
tributor. However, it will be understood that a dis-
butor of the type shown in co-pending application, Serial
No. 134,974, may equally well be employed in the system
of the present invention in which case no detection of
the signal modulated connector and selector signal pulses
is performed in the distributor but instead is performed
in the line circuit of the type disclosed in the co-pending
application, Serial No. 134,974,

Acceptor 131a

As previously explained in connection with Fig. 4A of
the drawings, this acceptor generally comprises an ac-
ceptor control gate circuit 400, a plus B switching circuit
401, an acceptor gate pulse forming circuit 402 and an
idle pulse circuit 403. ‘The functions performed by this
acceptor and the identified components thereof are also
generally explained above with reference to the same fig-
ure of the drawings.

Referring now more particularly to Fig. 19 of the
drawings wherein the detailed circuitry of the acceptor
is illustrated, it will be seen that the acceptor control
gate circuit 400 comprises an acceptor control gate tube
1903, an inverter tube 1904 and a cathode follower tube
1995 connected in tandem in the order named and ar-
ranged to impress pulses gated therethrough upon the
conductor 1915. These pulses are transmitted over the
conductor 1915 to the input terminals of the +B switch-
ing circuit 401 which circuit comprises a 4B switching
tube 1989, an extinguishing tube 1908 and a timing tube
1916 interconnected in the manner illustrated.
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The acceptor gate pulse forming circuit 402 comprises

an acceptor gate pulse forming tube 1900, an inverter
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tube 1901 and a cathode follower tube 1902 whlch are
connected in tandem in the order named and arranged
to impress pulses gated therethrough upon the conductor
131d.. These pulses are transmitted over the conductor
1314 to one control grid of the acceptor gate control tube
1903 and to the connector 1315 in parallel

The idle pulse circuit 403 comprises an idle pulse gate
tube 1906 and a control tube 1907. This circuit is ac-

. tuated under the joint control of tens pulses 1mpressed

thereon from the conductor 325 and channel pulses im-
pressed thereon from the conductor 34z and is arranged
to impress idle pulses upon the idle pulse out conductor
198 in the time position assigned to the acceptor-con-
nector link 131. Circuit elements not specifically men-
tioned in the above description of the acceptor 131a are
referred to below in describing the functions which they
respectively perform in the acceptor circuit. The three
gas tubes 1908, 1909 and 1910 of the --B switching cir-
cuit 461 are highly sensitive thyratroms, preferably of the
RCA commercial type 5696. The tubes 1948, 1903 and
1966 are preferably of the commercial type 6AS6; and
the tubes 1901, 1902, 1904, 1905 and 1907 are prefer-
ably of the commercial type 6C4.

In considering the operational details of the acceptor
131a, it is first pointed out that when the acceptor is
idle all tubes embodied in the +B switching circuit 491
are de-ionized. With this circuit inactive, the associated
connector 1315 is likewise inactive.

In the system of the present invention, each of the
acceptor-connector links is assigned a predetermined time
position within the basic time position frame. Further-
more, all of the acceptors in a given hundreds line group
may be assigned pulse time positions within the same tens
pulse interval. Thus, in the first hundreds group 12, all
of the acceptor-connector links may be assigned pulse
time positions within the first tens pulse interval and in-
dividually assigned a units pulse time position within this
tens pulse interval. Likewise, in the second hundreds
group 13, all of the acceptor-connector links may be as-
signed pulse time positions within the second tens pulse
interval and individually assigned units pulse time posi-
tions within this tens pulse interval. Thus, the acceptor
131a, which in the illustrated embodiment is the first
acceptor in the second hundreds group 13 is assigned the
first units pulse time position 626 which occurs during
the second tens pulse interval defined by the tens pulses
73a, appearing on the conductor 326. In a similar man-
ner, the acceptor 1334, which in the illustrated embodi-
ment is shown as the second acceptor in the second hun-
dreds group 13, is assigned the second unmits pulse time
position 635 within the second tens pulse interval 73a.

Since the acceptor-connector links of the system are
assigned predetermined pulse time positions which do not
change during the setting up of two-way communications
connections between different pairs of the lines of the sys-
tem, the acceptor gate pulse forming circuit 402 in the
acceptor 131a is continuously operative to produce ac-
ceptor gate pulses in the time position assigned to this
acceptor which are transmitted to the associated connector
1315 and are also impressed upon the acceptor control
gate circuit 400 to permit this circuit to accept selector
forward signal pulses which occur in the time position
assigned to the acceptor-connector link 131. In a simi-
lar manner, the idle pulse circuit 403 is continuously
operative to produce idle pulses on the common output
conductor 198 thereof in the time position 625 assigned
to the link 131 during those periods when the acceptor-
connector link 131 is idle, i.e., not operatively associated
with a call forwarding selector of the system.

Considering first the manner in which acceptor gate
pulses are continuously formed in the circuit 402, tens
pulses appearing on the conductor 32 are continuously
impressed upon the suppressor grid of the acceptor gate
pulse forming tube 1900 through the coupling condenser
1920 and units pulses appearing on the conductor 31a
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are mpressed upon the first control grid of the tube 1900
through the coupling” condenser’ 1921, When ¢he “tens
pulses 73a appearing on the conductor 325 coincide with
one of the units pulses 62a, 625, 61c-62j; inclusive, ap-
pearing on the conductor 314, the gate tube 1900 is ren-
dered fully conductive so as to produce across the anode
resistor 1922 thereof a negatlve pulse of one microsec~
ond duration which occurs in the units pulse time posi-
tion- 62b. This negative pulse which is now called an
acceptor gite pulse is coupled through thé condenser
1923 to the conirol grid of the inverter tubé 1961 where-
in the acceptor gate pulse is amplified and inverted and
appears as a positive acceptor gate pulsé at the anode
of ‘the tube 1981, A crystal rectifier 1924 is provided be-
tween the conirol grid and cathode of the tubé 19901 to
clamp the base line of the acceptor gate pulse waveform
to ground potential. The positive acceptor gate pulse
produced at the anode of the tube 1901 is coupled through
the condenser 1925 to the control grid of the cathode fol-
lower fube 1962 and is repeated in like phase across the
cathode resistor 1926 thereof. The positive acceptor
gate pulses produced across the resistor 1926 are continu-
ously transmitted over the conductor 131d to the cir-
cuits 407, 468 and 426 in the connector 1315 and are
also coupled through the condenser 1927 to the first
control grid of the acceptor control gate tube 1903.

The idle pulse circuit 463 is continuously supplied
with tens pulses and channel pulses in the correct time
positions - to establish idle pulses in the time position
assigned to the acceptor 131a.  Thus, the tens pulses
73 appearing on the conductor 32b are continuously im-
pressed upon the suppressor grid of the idle pulse gate
tube 1966 through the condenser 1920 and the channel
pulses 82a, 820-82/, inclusive, appearing on the conductor
34a are continuously impressed upon the first control
grid of the tube 1906 through the condenser 1931. A
crystal rectifier 1929 is connected from the suppressor
grids of the tubes 1988 and 1996 to ground to charge the
coupling condenser 1920 during on-pulse intervals.
During off-pulse intervals the condénser 1920 biases the
tubes 1966 and 1989 beyond cut-off to prevent conduc-
tion thereof. A cathode resistor 1930 is connected from
the cathode of the tube 1906 to ground. When the ac-
ceptor-connector link 131 is idle, the tube 190§ is not
affected by the control tube 1987 so that during the idle
periods of the acceptor 131a, the channel pulses 82b
appearing in the time position 625, which occur during
the téns pulse interval 73a, are gated through to tube
1906 and appear as negative idle pulses on the conductor
198, the anode resistor for the tube 1906 being in the
idle pulse coupling circuit 187. -In this connection, it
will be recalled that these idle pulses are transmitted
through the idle puise coupling circuit 187 and ovér the
conductor 197 to all of the selectors of the system.

The positive selecter forward pulses appearing on the
conductor 196 in the time position 625 assigned to the
link 131, which in the illustrated call originate in the
call forwarding selector 128b, are transmitted through
the acceptor drive circuit 189 wherein they are trans-
formed into acceptor drive pulses and these acceptor
drive pulses are impressed directly upon the suppressor
grid of the acceptor control gate tube 1903, the bias net-
work for this suppressor grid being contained in the ac-
ceptor drive circuit. The acceptor gate pulses which
are produced in the time position 62b are continuously
impressed upon the first control grid of the tube 1903.
Accordingly; these acceptor drive pulses are gated through
the tube 1983 and appear as negative pulses across thé
anode resistor 1935 of the tube 1903. The gated ac-
ceptor drive pulses appearing at the anode of the tube
1993 are coupled through the condenser 1936 to the con-
trol grid of the inverter tube 1904 wherein they are am-
plified and inverted and anpear as positive pulses’at the
anode of this tube. These positive acceptor drive pulses
are coupled through the condenser 1937 to the control
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gnd of the cathode follower tube 1905 and are repeated
in ‘like phase across the cathode resistor 1938 ‘of -this
tube. The positive acceptor drive pulses thus produced
across the resistor 1938 are coupled over the conductor
1915 and through the condenser 194¢ to the control grid
of the 4B switch timing tube 1910 and through the con-
denser 1941 to the control grid of the 1B switching tube
1909. The B switching circuit 461 responds to the
positive: acceptor drive pulses impressed upon thé tubgs
1909 and 1910 thereof by producing a positive potent1a1
of approximately one hundred forty volts on the con-
ductor. 131¢ which poteritial is used a§ operating poten-
tial for certain oiies of the tubes in the circuit compo-
nénts of the associated connector 1315. In this connec-
tion, it is pointed out that the B switching circuit 401
is identical to the corresponding circuit component of
the finder 1204 and is described in detail in the co-pend-
ing application, Serial No. 134, 974, identified above, and
reference may be had to this specification for a com-
plete -description of the operation of this portion of the
acceptor 131a. Furthermore, the description of the hold
switch indicated generally at 1945 in Fig. 19 of this speci-
fication is described in detail in the co-pending applica-
tion, Serial No. 257,712, identified above, and reference
may be had to this specification for a detailed description
of the hold switch portion of the B switching circuit 401
in the acceptor 131a.

The control grid of the control tube 1947 is biased
negatively by means of the voltage divider network in-
cluding the resistors 1950 and 1951 which are connected
between the negative bias potential source and ground
so that the control grid of the tube 1967 is normally
biased beyond cut-off. As socon as any one of the ac-
ceptor-connector links of the system is selected, or seized,
by a call forwarding selector, the call forwarding selector
operates to transmit connector busy pulses in the time
position assigned to the seized acceptor-connector link
to each of the acceptors of the system. More particu-
larly, when any one of the acceptor-connector links of
the system is seized, the connector busy pulses developed
by the call forwarding selector are transmitted through
the connector busy pulse coupling circuit 285, over the
conductor 2055 and through the coupling condenser 1952
to the control grid of the control tube 1987 in the accep-
tor 131a, as well as to all other acceptors of the system.
These positive connector busy pulses are of sufficient
amplitude to -drive the tube 1907 into the conductive
region so- that the tube 19¢7 conducts for the duration
of each connector busy pulse transmitted thereto over
the conductor 2¢5h. The cathode of the tube 1907 is
connected to the cathode of the idle pulse gate tube 1966
so that the resistor 1930 thereof is common to both of
the tubes 1906 and 1907. The anode of the tube 1967
is connected to the positive anode potential source so
that the tube 1987 is operated as a cathode follower.
Accordingly, the connector busy pulses impressed upon
the conductor 205b are repeated through the control tube
1907 and are impressed upon the cathode resistor 1930
of the idle pulse gate tube 1206 as positive pulses. These
positive connector busy pulses prevent the idle pulse gate
tube 1906 from ‘conducting during the period of each
connector busy pulse since the cathode of the tube 1906
is driven highly positive during these periods.

Until the acceptor-connector link 131 is seized by a
call forwarding selector, the connector busy pulses trans-
mitted over the conductor 2655 will not occur in the pulse
timeé position 62b assigned to the acceptor-connector link
131, Therefore, even though a number of connector
busy pulses may be transmitted over the conductor 205h
and impressed upon the cathode resistor 193¢ of the tube
1906 so as to render this tube non-conductive for the
duration thereof, the idle pulse gate tube 1906 still con-
tinues to gate the channel pulses 825 appearing in the
time position 62b to the conductor 198 so that idle pulses
are continuously transmitted to all of the selectors of the



, 59 .
system to indicate that the accepor-connector link 131 is
idle. - However, when the acceptor-connector link 131 is
seized by a called forwarding selector and this selector
transmits connector busy pulses over the conductor 2055
in the time position 625 assigned to the link 131, the
idle pulse gate tube 1906 is driven beyond cut-off by
these connector busy pulses so that it is unable to de-
velop idle pulses on the conductor 198 in the time posi-
tion 62b assigned to the link 131. This indicates to all
of the selectors to the system that the acceptor-connector
link 131 has been taken into use and prevents any other
selector from selecting the time position 626 and send-
. ing out selector forward pulses and connector busy pulses
in this time position.

In the illustrated embodiment, the idle pulses are re-
moved from the conductor 198 by means of the above-
described connector busy pulse channel which intercon-
nects all of the selectors and acceptors of the system.
With this arrangement, substantially instantaneous con-
nector busying is provided. However, if desired, the
connector busy pulse channel need not be employed and
removal of the idle pulses from the conductor 198 may
be accomplished under the control of the +B switching
circuit 461 in the acceptor 131a. Thus, when the accep-
tor-connector link 131 is seized by the call forwarding
selector and the --B switching circuit 401 thereof is
operated so as to produce operating potential on the
conductor 131c, this operating potential may be em-
ployed to bias the idle pulse gate tube 1986 beyond cut-
off so as to remove the idle pulses appearing in the time
position 625 assigned to the acceptor-connector link 131
from the idle pulse out conductor 198. However, with
this alternative arrangement, the selectors of the system
must be so allotted that sufficient time between allot-
ment intervals is provided for the --B switching circuit
to operate, as described heretofore in connection with
the allotting circuit 205.

Selector 120b

As previously explained in connection with Fig. 3B of
the drawings, this selector generally comprises a dial im-
pulse integrator circuit 309, a hundreds register pulser
310, a hundreds digit register 311, a hundreds sequence
timing circuit 312, a hundreds register inverter 360, an
idle pulse gate circuit 395, a connector busy lock circnit
396, a connector coincidence tube circuit 397, a selector
pulse and connector busy pulse forming circuit 317, a
forward in gate circuit 367, a forward reconstructor cir-
cuit 308, a forward out gate circuit 324, a return in gate
circuit 323, a return reconstructor circnit 322, a return
out gate circuit 326, a dial tone gate circuit 325 and a
busy tone gate circuit 3254. The functions performed by
this circuit and the identified components thereof are
also generally explained above with reference to the same
figure of the drawings. : :

Referring now more particularly to Figs. 13, 14, 15,
16, 17 and 18 of the drawings, wherein the detailed
circuitry of the selector 1206 is illustrated, it will be
readily understood that details of the selector may best
be understood in terms of the functional significance of
the various circuit components thereof.  In order to cor-
relate these six figures with the schematic showing of
Fig. 3B, it may be pointed out that the hundreds se-
quence timing circuit 312 is shown in Fig. 13 as compris-
ing a hundreds sequence timing tube 13060 and a hundreds
sequence discharge tube 1301; the hundreds register in-
verter circuit 360 is shown in Fig. 13 as comprising the
single inverter tube 1392; the hundreds register pulser
310 is shown in Fig. 13 as comprising the single pulser
tube 1303; the hundreds digit register 311 is shown in
Figs. 13, 14 and 15 as comprising the primer tube 1310
and the ten cold cathode counting tubes 1311, 1412-1417,
inclusive, -and 1518-1520, inclusive; the idle pulse: gate
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circuit 395 is shown in Fig. 13 of the drawings as com- - -

prising the idie pulse gate tube 1306, the idle pulse

inverter 1307 and the idle pulse follower tube 1308; the
selector pulse and connector busy pulse forming circuit
317 is shown in Fig. 13 of the drawings as comprising
the selector pulse mixer tube 1309, the selector pulse
inverter tube 1304 and the connector busy pulse follower
tube 1340; the connector coincidence tube circuit 397 is
shown in Figs. 13, 14 and 15 of the drawings as com-
prising the ten coincidence tubes 1321, 1422-1427, in-
clusive, and 1528-1530, inclusive; the connector busy lock
circuit 396 is shown in Fig. 15 of the drawings as com-
prising the single connector busy lock tube 1531; the
busy tone gate circuit 3254 is shown in Fig. 15 of the
drawings as comprising the single busy tone gate tube
1532; the dial tone gate circuit 325 is shown in Fig. 15
of the drawings as comprising the single dial tone gate
tube 1533; the dial impulse integrator circuit 309 is shown
in Fig. 16 of the drawings as comprising the single dial
impulse integrator tube 1600; the forward reconstructor
circuit 308 is shown in Fig. 16 of the drawings as com-
prising a peaker tube 1604, a condenser charging tube
1602, a condenser discharging tube 1603 and a cathode
follower output tube 1601; the forward in gate circuit
307 is shown in Figs. 16 and 17 as comprising the for-
ward in gate tube 1700 and the forward in gate inverter
tube 1605; the return out gate circuit 326 and the forward
out gate circuit 324 are shown in Fig. 17 as respectively
comprising the single gate tubes 1701 and 1702; the re-
turn in gate circuit 323 is shown in Fig. 17 of the draw-
ings as comprising the retutn in gate tube 1703 and the
return in gate inverter tube 17¢4; and the return fe-
constructor circuit 322 is shown in Figs. 17 and 18 as
comprising a peaker tube 1705; a condenser discharging
tube 1800; a condenser charging tube 1801 and a cathode
follower output tube 1802,

The manner in which the identified tubes of the selec-
tor are interconnected is pointed oiit more fully below
with reference to the function of the individual circuits,
Although the identified tubes may be of any commercial
type having the desired operating characteristics, it is
pointed out that preferably the tubes 1302, 1602, 1603,
18090 and 1801 are commercial types 6AQ6 dual-diode
triodes, the tubes 1306, 1701 and 1702 are of the RCA
experimental type A-5727 triple grid tubes wherein each
of the three grids has a substantial mutual conductance
when operated at a potential which is negative with re-
spect to the cathode potential of the tube, the tubes 1307,
1304, 1604 and 1705 are commercial type 6AU6 pen-
todes, the tubes 1308 and 1600 are of the commercial
type 6J6 double triodes, the tubes 1309, 1766 and 1703
are of the commercial type 6AS6 pentodes, the tubes
1532, 1533, 1661, 1605, 1704 and 1802 are of the com-
mercial type 6C4 triodes. Preferably, the gas filled
thyratrons of the hot cathode type included in the selector
12065, namely, the tubes 1310, 1321, 1422-1427, inclu-
sive, and 1528-1530, inclusive, are of the RCA commer-
cial 5696 type. The cold cathode gas tubes are pref-
erably of the RCA commercial type 5823. This group
includes the tubes 1380, 1301, 1393, 1311, 14121417,
inclusive, 1518-1529, inclusive, and 1531.

In considering the operation of the selector 1200,
reference is again made to the above-described call origi-
nating at the substation A and routed by way of the
finder-selector link 120 and the acceptor-connector link
131 to the called party line substation G. From the
description pertaining to this call, it will be recalled that
when the finder-selector link 120 is idle, the finder 1264
withholds operating potential from the conductor 126c
and also withholds finder gate pulses from the conductor
120d. Immediately the finder-selector link 126 is opera-
tively associated with the calling line No. 123, the 4B
switching circuit 301 of the finder 120a operates to im-
press a positive potential of 140 volts on the conductor
120c and almost immediately thereafter functions to
impress finder gate pulses upon the conductor 1204 in
the time position 645 assigned to the calling line No, 123.
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‘When operating anode potential is thus suddenly applied
t0..the ‘conductor 120c¢, it is impressed upon the series
connected condenser 1312 znd the resistor 1313 of the
hundreds digit register 311 with the result that the con-
denser 1312 starts to charge through the resistor 1313.
Initially, however, the major portion- of the available
voltage -appears across the resistor 1313 so that the con-
trol grid of the priming tube 13%¢ is driven positive rela-
tive to the cathode of this tube. As a consequence, the
priming tube 1310 is fired to produce current flow there-
through over a path which includes resistor 1314 and
the cathode load resistor 1315. Current flow in this cir-
cuit raises the positive potential of the parallel con-
nector cathodes of the counting tubes in the hundreds
digit register 311 to a high value. Concurrently, a rela-
tively large voltage drop is produced across the resistor
1314 to decrease the positive potential on the coatrol grid
of the tube 1311 through the coupling condenser 1316.
After the tube 1319 is fired in the manner just explained,
the control grid thereof loses control such that the current
flow through the tube is rendered independent of the po-
tential on the control grid thereof. In this regard, it is
noted that after the tube 1310 fires, the condenser 1312
charges to the full value of the voltage on the conductor
120¢ with the result that the control grid of the tube
1310 is reduced substantially to cathode potential. Firing
of the tube 1310 in the manner just .explained prevents
the ten impulse counting tubes of the hundreds digit
register 311 from prematurely firing in the manner fully
described below.

When a relatively high positive potential is developed
on the cathode bus conductor 333 interconnecting the
cathodes of the tubes in the hundreds digit register 311,
this potential is impressed upon the control grid of the
dial tone gate tube 1533 over a path which includes the
conductor 333 and the resistors 1508 and 1501. Nor-
mally, the tube 1533 is biased beyond cut-off by the
negative potential impressed upon the control grid there-
‘of through the resistor 1502 from the negative terminal
‘of the bias potential source. However, the positive po-
tential developed on the conductor 333 when the primer
fube 1310 fires overcomes the negative bias normally
impressed upon the grid of the tube 1333 and serves to
bias this tube to the mid point to its class A operating
range. Thus, the dial tone gate tube 1533 is rendered
operative to amplify the 120 i.p.m. dial tone signal volt-
age impressed upon the control grid thereof through the
condenser 1503 from the dial tone signal conductor 47.
The ‘amplified dial tone signal appearing at the anode of
the tube 1533 is impressed upon the suppressor grid of
the gate tube 1701 in the return out gate circuit 326 over
a path which includes the condenser 1504, the resistor
1505, the conductor 344, and the low pass filter network
indicated generally at 1803 in Fig. 18. As explained
more fully below, this signal voltage modulates the pulses
being gated by the tube 1701 in the time position 64b
assigned to the calling line No. 123 with the dial tone
signal, whereby this signal is delivered to the calling line
to signal the calling subscriber that the dialing operation
may :be started.

Referring now more particularly to the forward in
gate circuit 307, it is pointed out that this circuit is sub~
stantially identical to the calling line in gate circuit 407
in the. connector 1315 and reference may be had to the
co-pending application, - Serial No, 301,215, .identified
above, for a complete and detailed description of this
portion of the selector 120b. However, it may be pointed
out generally that finder gate pulses produced on the
conductor 1204 in the finder 128a control the circuit 307
to gate multiplexer pulses occurring on the multiplexer
output conductor 50a-in the time position 64b assigned
to the calling line to the calling: line reconstructor cir-
cuit 308. However, it will be noted that in the circuit
307 there is provided the resistor 1706 and the condenser
1707 which decouple the gate tube 1700 from the com-
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mon positive potential source. Also, there is provided
in the cathode of the inverter tube 1665 a small cathode
resistor 1606 which provides a small amount of degenera-
tion in the inverter tube 16085,

In comsidering the operating details of the forward
reconstructor circuit 368, it is pointed out that this circuit
is identical in many respects to the calling line recon-
structor circuit 408 in the connector 131b and reference
may be had to the co-pending application, Serial No.
301,215, identified above, for the detailed description of
this circuit. However, for the purposes of the present
invention, it may be stated that the circuit 308 functions
to store the amplitude of the signal modulated multiplexer
pulses for an interval equal to the duration of cne pulse
frame. In general, this is accemplished by charging the
condenser 1607 through the charging tube 1662 in ac-
cordance with the amplitade of each pulse repeated to the
reconstructor 308 by the forward in gate circuit 307 and
discharging this condenser through the tube 1663 just
prior to each such condenser charging operation. In the
case under consideration, it will be understood that only
signal modulated multiplexer pulses. occurring in the time
position’ 64b assigned to the calling line No. 123 are
gated to the circuit 308 by the forward in gate circuit
307. In this connection, it will be noted that the control
grid of the charging tube 1602 is connected to the cathode
of the output tube 1601 over a path which includes the
clamping rectifier 1608, and the resistor 1669 to provide
a regenerative feed back path. However, the condenser
1610 functions together with the resistor 1669 as a low
pass filter so that the circuit is regenerative only for the
very low frequencies which occur during the dial im-
pulses. .

During dialing at the calling substation A, the flow of
multiplexer pulses through the forward in gate circuit
307 to the control grid of the charging tube 1662 is in-
terrupted. Accordingly, the discharge tube 1603, which
continues to respond to finder gate pulses, discharges the
condenser 1607 to a relatively low level and the circuit
308 thus discriminates between directive dial impulses
and supervisory signals on the one hand and voice or
intelligence signals on the other hand. The reconstructed
signals developed in the circuit 38 are produced across
the output resistors 1611 and 1612 connected between
the cathode of the tube 1661 and ground. The recon-
structed signals developed by the circuit 308 are coupled
to the dial impulse integrator circuit 369 over the con-
ductor 356a.

In order to discriminate between directive dial impulses
and other supervisory signals on the one hand and voice
or intelligence signals on the other hand, the output of

the circuit 308 is transmitted to the forward out gate

circuit 324 over two separate paths, one of which in-
cludes filter means for suppressing voice or intelligence
signals and the other of which includes means for sup-
pressing the dial impulses. Thus, the total amplitude of
the reconstructed signals produced across the resistors
1611 and 1612 is transmitted over the conductor 356a
and through the series connected resistor 1768 to the first
control grid of the gate tube 1702 in the forward out
.gate circuit 324, Also, the portion of the reconstructed
signals which is developed across the resistor 1612 is
transmitted over the conductor 356, through the low pass
filter indicated generally at 1709 and the condenser 1710
to the third control grid of the tube 1762 in the circuit
324.

In considering the operation of the dial pulse integra-
tor circuit 309, it is pointed out that this circuit is gen-
erally similar to the corresponding dial impulse inte-
.grator circuit 409 in the connector 131b and reference
‘may be had to the co-pending application, Serial No.
301,215, identified above, for ‘a detailed description of

- this circuit. For the purposes of the present invention, it

may be stated that this circuit performs the function of
d,isérimina’;ing between dial impulses and all other sig-
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nals developed at the output side of the forward re-
consiructor circuit 368 and there is produced across the
anode resistor 1611 and the charging condenser 1612
a series of saw tooth voltage pulses corresponding to
each dial impulse developed at the calling substation A.
The saw tooth voltage pulses produced across the con-
denser 1612 during the first or hundreds digit dialed at
the. calling substation A are transmitted over the con-
ductor 327 and through the condenser 1317 to the con-
trol grid of the inverter tube 1302 in the hundreds regis-
ter inverter 366. These saw tooth control pulses are
amplified and inverted in a tube 13¢2 and are coupled
from the anode thereof through the condenser 1318 to
the control grid of the pulser tube 1303 in the hun-
dreds register pulser 310.

In considering the operation of the hundreds register
pulser 319, it is pointed out that this circuit is identi-
cal to the tens register pulser 410 in the connector 131h
and reference may be had to the co-pending application,
Serial No. 301,215, identified above, for a complete
and detailed description of this pulser circnit. However,
for the purposes of the present invention, it may be stated
that the pulser tube 1383, which is a cold cathode gas
filled tube, is operated as a triggered relaxation oscil-
lator which develops uniform amplitude register drive
pulses across the common cathode resistor 1315 in the
hundreds digit register 311. Accordingly, this register
is advanced to a setting corresponding to the first or hun-
dreds digit dialed at the calling substation A.

In considering the operation of the hundreds digit reg-
ister 311, it is pointed out that this circuit is substan-
tially identical to the corresponding system component
shown and described in detail in the co-pending applica-
tion, Serial No. 292,676, filed on June 10, 1952, and
reference may be had to this application for a complete
and detailed description of the corresponding digit regis-
ter. However, for the purposes of the present invention,
it may be stated that the hundreds digit register 311 is
driven by the large positive drive pulses produced across
the resistor 1315 to register the numerical value of any
hundreds digit dialed at the calling substation. Spe-
cifically, the tubes of this register other than the prim-
ing tube 1310, are connected to operate as a pulse count-
ing chain wherein the cathodes of all of the tubes 1311,
1412-1417, and 1518-1520 are connected to the com-
mon drive conductor 333. The first register drive pulses
to appear across the resistor 1315 raises the positive
potential of the commen cathode conductor 333 to a
value which is approximately equal to or greater than
the anode potential of the primer tube 1310 to interrupt
space current flow through this tube. Furthermore, this
pulse prevents any of the ten counting tubes of the regis-
ter circuit 311 from firing for the duration of the pulse.
It will thus be apparent that at the end of the open
circuit period of the first dial impulse, the priming tube
1319 is deionized and the first counting tube 1311 is
fired to register the first dial impulse. In the particular
call under consideration, wherein the called line No. 232
is located in the second hundreds group 13 and has
a hundreds digit designation of “2,” the second count-
ing tube 1412 will, of course, be ionized in response
to the second impulse of the hundreds digit and will
remain conductive for the duration of the call. All
other counting tubes of the hundreds digit register 311
remain non-conductive for the duration of the call. The
counting -tubes of the hundreds digit register 311 se-
lectively control the gating crystal rectifiers 1311a, 14120~
14174, inclusive, and 15184-1520q, inclusive, to gate to
the selector impulse forming circuit 317 only those tens
pulses which occur in the tens pulse time position as-
signed to the particular called hundreds line group. Thus,
in the illustrated call, the counting tube 1412, which
remains ionized at the end of the first digit, opens the
gating rectifier 14124 so as to permit the tens pulses
73a appearing on the conductor 32) in the tens puise
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time position assigned to the secorid hundreds group 13
to be transmitted through the rectifier 14124, the con-
denser 1412b, and over the conductor 332 to the sup-
pressor grid of the pulse mixer tube 1309 in the se-
lector pulse forming circuit 317.

Referring now to the manner in which dial tone signal
transmission to the calling substation A is terminated
when the dial operation is started, it is pointed out above
that the priming tube 131¢ of the hundreds digit regis-
ter 311 js deionized in response to dialing of the first
impulse of the first digit at the calling substation. When
current flow through this tube to the resistor 1315 is
thus arrested, the voltage drop across the resistor is sub-
stantially decreased to decrease the positive potential
level on the conductor 333. When the positive potential
level on the conductor 333 is thus reduced, the negative
bias on the control grid of the dial tone gate tube 1533
rises to a value well beyond the cut-off value of this
tube to render this tube non-conductive, As a result,
the tube 1533 is blocked against repeating the dial tome
signal on the conductor 47 and dial tone transmission
to the calling substation is arrested.

Referring now more particularly to the hundreds se-
quence timing circuit 312, it is pointed out that this
circuit corresponds generally to the tens sequence timing
circuit 412 in the connector 131b. However, the hun-
dreds sequence timing circuit 312 is of a simplified cir-
cuit arrangement wherein only two tubes, namely, the
timing tube 13090 and the discharge tube 1301 are re-
quired. In this connection, it will be recalled that the
circuit 312 controls the hundreds register pulser 310
and the idle pulse gate circuit 395 in such manner that
the pulser 316 is rendered inactive at the end of the first
digit and the idle pulse gate tube 1306 is conditioned to
gate idle pulses therethrough which occur during the
tens pulse interval assigned to the called hundreds line
group as will be described in more detail in connection
with the idle pulse gate circuit 395.

Before describing the operation in the timing circuit
312 to perform the indicated functions, it is pointed out
that immediately the selector 120b is operatively asso-
ciated with the finder 120a and operating potential is
applied to the conductor 120c¢, the priming tube 1310 fires
50 as to produce a relatively large voltage drop across the
anode resistor 1314 thereof. The anode potential of the
priming tube 1319 is transmitted over the conductor 311a
to the series connected resistors 1319 and 1320 in the
timing circuit 312 and these resistors are of such value
that the timing tube 1300 is not fired when operating
potential is applied to the conductors 120¢ and the
primer tube 1316 is fired, due to the relatively large volt-
age drop across the anode resistor 1314 of this tube.
However, the timing condenser 1322 in the circuit 312
starts to charge positively through the resistor 1350 im-
mediately the priming tube 1310 is extinguished upon
the occurrence of the first dial impulse. The anode of
the discharging tube 1381 is connected to the timing con-
denser 1322 and the tube 1381 is periodically fired from
the hundreds register pulser tube 1303 to prevent the
condenser 1322 from charging sufficiently positively to
fire the timing tube 1390. At the end of the first digit,
the register pulser 316 ceases to produce register drive
pulses so that the discharge tube 1301 is not fired and
the condenser 1322 is permitted to charge positively by
an amount sufficient to fire the timing tube 1300. It
will be understood; therefore, that at the end of the first
digit dialed at the calling substation, the tube 13090 is
ionized and remains conductive for the duration of the
call. .

When the tube 1368 is ionized in the manner just ex-
plained, the resulting current flow through the resistors
1323 and 1324 in the cathode circuit thereof has the
effect of increasing the cathode potential of the pulser
tube 1303 by an amount sufficient to prevent this tube
from responding to further control pulses repeated thereto
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through the inverter tube 1302 during the dialing of the
second, third and fourth digits. The positive potential
thus produced at the cathode of the timing tube 1300
is also transmitted over the conductor 334 and through
the resistor 1325 to the shield grids 13464 and 13065
which surround the second control grid of the triple grid
gate tube 1306 in the idle pulse gate circuit 395 to en-
able this tube. The positive potential produced on the
conductor 334 is also impressed upon the resistor 1566
in the connector busy lock circuit 396 to initiate the start
of the connector busy test interval. Thus, the hundreds
sequence timing circuit 312 operates during the inter-
digit pause separating the first and second digits to block
the hundreds register pulser 310 from further response
to control pulses developed during the dialing of succes-
sive digits, to condition the idle pulse gate tube 1396 to
repeat therethrough idle pulses which occur during the
tens pulse time position assigned to the called hundreds
line group 13, and to initiate a connector busy test in-
terval in the busy lock circuit 396.

In considering the operation of the idle pulse gate cir-
cuit 395, it will be recalled from the general description
of the system that the call forwarding selector, i.e., the
selector 1205 in the illustrated call, not only selects the
called hundreds line group as determined by the first
digit dialed at the calling substation, but also selects an
idle connector within this called hundreds line group.
Furthermore, if there are no idle connectors in this group,
the selector returns a 120 i.p.m. busy tone signal to the
calling line to inform the calling subscriber that there is
no linkage available in the called hundreds line group to
permit completion of the call. As described above in
connection with the hundreds digit register 311, this reg-
ister operates in response to the first digit to select the
called hundreds line group and transmits tens pulses ap-
pearing in the tens pulse time position assigned to the
selected called hundreds line group over the conductor
332 to the selector pulse forming circuit 317 and the
idle pulse gate circuit 395. The idle pulse gate circuit
335 and the connector coincidence tube circuit 397 co-
operate to select a particular units pulse time position,
within the selected tens pulse time position, which is as-
signed to an idle one of the connectors in the called
hundreds line group. In effect, therefore, the idle pulse
gate circuit 395.and the coincidence tube circuit 397 per-
form a trunk hunting operation within the called hun-
dreds group linkage to select an idle acceptor-connector
link within this group. It will also be recalled from the
general description of the System that the idle condition
of each of the acceptor-connector links of the system is
indicated by the presence of an idle pulse in the time
position assigned to the particular acceptor-connector link
on the idle pulse in conductor 197, these idle pulses being
produced in the idle pulse circuit 403 of the acceptor in
each of the acceptor-connector links of the system. The
idle pulse in conductor 197 may carry the idle pulses for
ten groups of ten acceptor-connector links so that idle
pulses appearing in each pulse time position within the
basic pulse time position frame will be present on the
conductor . 197 if ten acceptor-connector links are used
in each hundreds group and they are all idle. - Since there
is no reason for the call forwarding selector to deter-
mine which connectors are idle in any group other than
the selected called hundreds line group, it is the function
of the idle pulse gate circuit 393 to transmit therethrough
only those idle pulses which occur during the tens pulse
time position assigned to the called hundreds line group
13. - In addition, the idle pulse gate circuit 395 is con-
trolled by the selector allotting circuit 205 in the com-
mon_equipment 17 to transmit idle pulses therethrough
only during a selector allotting period as defined by the
selector allotting pulses developed by the circuit 20b.
These selector allotting pulses are preferably of a dura-
tion equal to one pulse frame and recur once every one
hundred pulse frames so that the one hundred selectors

10

20

25

30

35

40

45

50

55

60

65

70

75

€6

of the system are individually allotted a period of one

pulse frame in each one hundred pulse frames during

which they may select an idle acceptor-connector link in
a called hundreds line group. In this connection, it will
be understood that if the selectors of the system are not
allotted in the manner described above, they would race
to select idle acceptor-connector links and double con-
nections might result. For example, if a selector in the
first hundreds group 12 is handling a call intended for
a line in the second hundreds group 13 and at the same
time- 2 selector in the tenth hundreds group 14 is also
handling a call intended. for a line in the second hun-
dreds group 13, these two selectors would both be trying
to select one of the idle pulses appearing on the conduc-
tor 197 during the second tens pulse interval 73a assigned
to the second hundreds group 13. Since the idle pulses
on the conductor 197 do not disappear instantaneously
once the corresponding acceptor-connector link is seized,
it is necessary to allot the selectors in the manner de-
scribed above to prevent two selectors from seizing the
same acceptor-connector link.

Considering now the operation of the idle pulse gate
circuit 395, the idle pulses which are produced in the
manner described above on the conductor 197 are cou-
pled through the condenser 1326 to the first control grid
of the idle pulse gate tube 1306, The tube 1306 is of
the triple grid type wherein each of three control grids
has a- substantial mutual conductance relative to the
anode thereof when operated at a potential which is nega-
tive with respect to the cathode of the tube. During the
period between the seizure of the selector 1205 by its as-
sociated finder 1262 and the end of the first digit dialed
at the substation A, the first control grid of the gate tube
1366 is operated at a potential just slightly more nega-
tive than the cut-off value of this grid so that idie pulses
impressed upon the first control grid of the tube 1306
may cause conduction of this tube provided the poten-
tials on the other two.control grids of the tube are of
the correct value to cause conduction. Thus, after the
selector 126b is seized, operating anode potential is im-
pressed upon conductor 126c and the resistors 1507 and
1508 in the conmector busy lock circuit 396 and the re-
sistor 1327 in the idle pulse gate circuit 3%$5 are con-
nected between the conductor 129¢ and the negative bias
potential  source. The value of these resistors is so
chosen that the potential at the first control grid of the
tube 1306 is just slightly beyond cut-off after potential
is applied to the conductor 120c.

When the hundreds digit register 311 selects the called
hundreds line group and releases tens pulses over the
conductor 332 in the tens pulse time position assigned to
the called hundreds line group, these tens pulses are
coupled through the condenser 1328 to the third control
grid of the idle pulse gate tube 1386, this control grid
being normally operated at minus ten volts with respect
to ground potential. Since the selection of an idle ac-
ceptor-connector link cannot be made until after the
called hundreds line group has been selected, ie., until
after the first digit has been dialed at the calling sub-
station A, the shield grids 13064 and 1366b, which sur-
round the second control grid of the gate tube 1306 are
normally operated at ground potential to prevent conduc-
tion of the tube 1306. However, at the end of the first
digit, the hundreds sequence timing tube 1306 is fired
in the manner described above so as to produce a posi-
tive potential on the conductor 334. This positive po-
tential is imipressed upon the grids 13884 and 1306b
through the resistor 1325 so that these grids are biased to
the correct operating potential of approximately 75 volts
positive with respect to ground potential.

From the foregoing general description, it will be evi-
dent that several selectors within the same or different
hundreds groups may be examining idle pulses of the same
called line hundreds group at the same time. It is,
therefore, possible that more than one selector may at-
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tempt to seize the same idle connector within the called
hundreds lines group. In order to prevent double seiz-
ure of the same idle connector by two different selectors
handling two different calls directed to the same hundreds
line group, there is provided the selector allotting circuit
20b which sequentially produces selector allotting pulses
on the conductor which are impressed upon the second
contro] grid of the idle pulse gate tube 1306. The sec-
ond control grid of the tube 1306 is also normally oper-
ated at minus ten volts with respect to ground potential.
Accordingly, each selector within a particular hundreds
line group is assigned an individual period during which
it can hunt for an idle connector. By allowing the se-
lectors to hunt only in sequence, there is no competition
between selectors and double seizure of an idle connector
is positively prevented.

When the selector allotting pulses appearing on the
conductor 20-1 coincide with the tens pulses selected by
the hundreds digit register 311, the idle pulse gate tube
1366 is permitted to transmit therethrough those idle
pulses appearing on the idle pulse in conductor 197
which occur during the selected tens pulse interval as-
signed to the called hundreds line group and these se-
lected idle pulses appear as negative pulses across the
anode resistor 1341 of the tube 1306. Each of these
selected idle pulses represents an idle acceptor-connector
link in the called hundreds line group 13. The selected
idle pulses are coupled through the condenser 1342 to
the first control grid of the inverter tube 1307, a clamping
rectifier 1343 serving to clamp the base line of these pulses
“to ground potential. The tube 1307 ampiifies and in-
verts these selected idle pulses and they are coupled
through the condenser 1344 to the control grids of a duel
triode cathode follower tube 1308 and repeated in like
phase across the cathode resistor 1345 of this tube. The
positive selected idle pulses produced across the resistor
1345 are then transmitted over the conductor 3954 to
the connector coincidence tube circuit 397.

As described heretofore, the connector coincidence tube
circuit 397 performs a trunk hunting operation within
the called hundreds line group linkage to select an idle
acceptor-connector link assigned to this group. More
specifically, the connector coincidence tube circuit 397
comprises ten gaseous discharge coincidence tubes 1321,
1422-1427, inclusive, and 1528-1538, inclusive. Each
of the tubes in the comnector coincidence tube circuit
397 is preferably of the commercial type 5696.

In considering the operation of the connector coinci-
dence tube circuit 397, it is pointed out that this circuit
is in general similar to the tens and units coincidence
tube circuits in the finder 320q, which are described in
detail in the co-pending application, Serial No. 292,676,
referred to above, and reference may be had to this appli-
cation for a complete and detailed description of a coin-
cidence tube circuit of this general type. However, for
the purposes of the present invention, it may be stated
that the idle pulses which are gated by the idle pulse gate
circuit 395 are transmtited over the conductor 395z to
the first control grids of each tube in the coincidence
tube circuit 397 in parallel. Normally, the tubes of the
coincidence tube circuit 397 are biased to prevent space
current flow therethrough by the negative potentials im-
pressed upon the first control grid thereof from the bleeder
network including the resistors 1351 and 1589, the poten-
tial at the junction point of these resistors being applied
to the grid return resistors of each coincidence gating
tube. When operating potential is supplied to the anodes
of the coincidence tubes in the circuit 3¢7 over the con-
ductor 128c incident to the operative association of the
finder 120a with the calling line, these tubes are condi-
tioned to fire under the joint control of the positive idle
pulses gated to this circuit over the conductor 3954 from
the idle pulse gate circuit 385 and the positive units pulses
respectively delivered to these coincidence tubes over
the conductors 31q, 315-31j, The idle pulses are trans-

5

10

20

25

30

35

40

45

50

55

60

65

75

68

mitted to each coincidence gating tube through an asso-
ciated coupling condenser. Thus, the idle pulses appear-
ing on the conductor 395a are coupled through the con-
denser 1321 to the first control grid of the tube 1321.
Likewise, these idle pulses aré coupled through the con-
denser 1422qa to the first control grid of the second co-
incidence tube 1422. Liksewise, the positive units pulses
produced on the individual conductors of the cable 31
are individually connected to their respective coincidence
gating tubes. For example, the units pulses appearing on
the conductor 31a are coupled through the condenser
1321h to the shield grid of the first coincidence gating
tube 3121, These units pulses are also coupled through
the condenser 1321c to the gating rectifier 1321d asso-
ciated with the first coincidence tube 1321. In a similar
manner, the units pulses produced on the conductor 315
are coupled through the condenser 14225 to the shield
grid of the second coincidence tube 1422 and these units
pulses are also coupled through the condenser 1422¢ to
the anode of the gating rectifier 1422d. In a similar
manner, each one of the eight remaining units puise
conductors is coupled to the shield grid of the correspond-
ing coincidence tube and to the anode of the gating rec-
tifier associated therewith.

From the foregoing general description, it will be un-
derstood that the idle pulses appearing on the conductor
3953a are capable of firing one of the tubes of the coin-
cidence tube circuit 397 only when they occur coinci-
dentally with the application of positive units pulses
to the shield grid of the coincidence tube. It will also
be understood that the coincidence of a particular idle
pulse on the conductor 3954 with a particular units pulse
appearing on one of the conductors- 31a, 315, 331j may
occur at any particular instant so that the trunk hunting
operation, i.e., the idle connector selecting operation per-
formed by the coincidence tube circuit 397 is entirely
random in character.

The coincidence tube circuit 397 continues to hunt for
an idle pulse appearing in the time position assigned to
the -called hundreds line group for the duration of the
connector busy test interval. In this connection, it will
be recalled that the connector busy lock circuit 396 de-
termines the duration of the connector busy test interval.

-It will also be recalled that the trunk hunting operaticn

for an idle acceptor-connector link within the called
hundreds line group must be performed during the inter-
digit pause between the first and second digits dialed at
the calling substation A. PFurthermore, an idle acceptor-
connector link must be seized and operatively associated
with the call forwarding selector during this inter-digit
pause so that the second, third and fourth digits dialed
at the calling substation A may be registered in the se-
lected connector.

Assuming that the acceptor-connector link 1315 in the
called hundreds line group 13 is idle, the idle pulses pro-
duced by the acceptor 131¢ and transmitted over the
conductor 197 to the idle pulse gate circuit 395, and
through this gate circuit to the conductor 3954, are im-
pressed upon the first control grid of the tube 1321 co-
incidentally with units pulses impressed upon the shield
grid of this tube from the conductor 31a. As a result,
the tube 1321 is fired. When the tube 1321 fires a posi-
tive potential is produced across the cathode resistor
1321e thereof so that the amode of. the gating rectifier
1321d is made positive relative to the cathode of this
rectifier and this rectifier is rendered fully conductive.
Under these conditions, the units pulses appearing on
the conductor 31a are transmitted through the condenser
1321c and the gating rectifier 13214 to the output cosn-
ductor 345 of the coincidence tube circuit 397. In this
connection, it will be understood that the coincidence
tube circuit 397 operates to select an idle connector within

" the called line hundreds group at any time during the

connector busy test interval. Thus, if the acceptor-con-
nector link 131 is idle at the start of the connector busy
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‘fest interval #nd all other links.in:the Rundreds: group 13
aré Busy; and” the link 13¥ becomes: idle before the end
of the connector busy test interval; the' tibe: 1321 will
respond to the production of idle: pulses om the conduc-
tof 3956 in -the time. position 62b "assignéd to: the con-
nector link 131, which coincide withi- the units pulses im-
pressed upon the conductor 3%4 by firing before the end
of the connéctor busy test interval. It will also be under-
stood that any oné of the othér nine coincidenice tubes in
“the circuit 397 may be fired in & random manner by co-
incidence of the corresponding: idle pulses with units
pulses impressed upon the shield grids of these coincidence
tubes, wherein the corresponding- aceeptor-connector link
is operatively associated with- the call forwarding selector
120b.

Assuming that the acceptor-connector link 131 is idle
and that this link is selected in the coincidence tube cir-
ciiit 397 by the firing of the tube 1321 thereof, positive
units pulses appearing on the conductor 3%a are gated
through the rectifier 13214 and over the conductor 345
to the fitst control grid of the selector pulse: mixer tube
1309 in the selector and connector busy pulse forming
circuit 317. )

In considering the operation of the circuit 317, it is
pointed out that this circuit corresponds generally to the
connector pulse forming circuit 417 in the comnector
1315 and reference may be had to the co-periding applica-
tion, Serial No. 301,215, referred to above, for a detailed
description of ‘this circuit. However, for the purposes of
the present invention, it may be stated that the units
‘pulses gated through the rectifier 1321d are transmitted
over the conductor 345 and through the condenser 1334
“to the first control grid of the pulse mixing tube 1309.
Likewise, the tens pulses produced on the output con-
ductor 332 of the hundreds digit register 311 are trans-
mitted over this conductor and through thé condenser
1335 to the suppressor grid of the tube 1309: Both the
first control grid and suppressor grid-of the tube 1309
are biased negatively by means of the'voltage divider
network including: the resistors: 1329 and 1330 so that
-normally- both of theése control grids are cut off. How-
ever, when the tens pulses prodiiced on the conductor 332
coincide with one of the units pulses produced on the
conductor 345 the tube 1309 is rendered conductive and
these coincident units pulses appear as negative pulses
‘across the anode resistor 1331 of the tube 1309. The
negative pulses produced at the anode of the tube 1369
are coupled through a pulse clipping circhit including
thie rectifier 1332 to the control grid of the pulse: mixer
inverter tibe 1304. These negative pulses, the base line
of which is clipped by means of the clipping circuit in-
cluding the rectifier 1332 are amplified -and inverted in
the tube 1304 and appear as positive pulses at the anode
of this tube. These positive pulses, which may now be
referred to as.selector pulses, are coupled through the
condenser 133 and transmitted over the conductor 339
to the forward out gate circuit 324, the return in gate cir-
cuit 323 and return recomstructor circuit 322. More
specifically, the selector pulses produced on the conduc-
tor 339 are coupled to the second control grid of the
selector forward out gate tube 1792, to the first grid of
the return in gate tube 1763 and to the first control grid
of - the peaker tube 1705 in the returm recomstructor
circuit 322. A common bias potential for thesé control
grids is provided by the voltage divider network includ-
ing the resistor 1711 and the potentiometer 1712.

The selector pulses produced at the anode of the tube
1304 are also coupled through the condenser 1348 to: the
“control grid of the connector busy pulse gate tube 1349,
this control grid being biased beyond cut-off by means
of the divider network including the resistors 1347 and
1348 connected from the negative bias potential source
to ground. These selector pulses are repeated at the
anode of the tube 1340 as negative connector busy pulses
. ahd are trarismitted over the conductor 2054, through the
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connector biisy. pulse: coupling: circuit: 205; and. over the

‘conductor 2055 to all of: the dcceptors: of-the system.

In considering the details of the forward out gate cir-

‘cuit 324, it is pointed- out that- this: circuit’ is substan-

tially identical to-the: called: line out. gate circuit in the
connector 1315 and reference.may be had to the co-pend-
ing application, Serial no. 301,215, referred to- above,
for a detailed description of this- circuit. However, for
the purposes of the present: invention; it may be stated
that the linkage sampling pulses 96a, which are produced
on the conductor 405 are fransmitted:over the conductor
405 and through the condenser 1713 to the first control
grid of the forward- out gate tube 1702. The selector
pulses: produced on the: conductor 339 are coupled: to
the second control grid of this:tube: and-the stepped audio
wave which is produced across the resistor 1612 in the
forward recomstructor circuit 308 is: filtered in the low
pass filter 1709 to remove the abrupt steps' thereof and
coupled through the condenser 1710-to the third control
grid of the tube 1702: In order to-tepeat dial impulses
through the circuit 324, which: it will be recalled are
produced as inferruptions: in: the pulse flow through the
input circuit 200 in the finder 1204, the output of the
reconstructor: circuit 308 is also transmitted over the
conductor 356z and: through the resistor 1708 to the
first control grid of the forward out: gate tube 1782. The
first control grid of the tube 1702 is normally biased
negatively by means of the bleeder network including the
resistors: 161%, 1612, 1708 -and 1714: However, when
signals ‘are recomstructed in the -circuit 308, a certain
average potential' i$' produced: across the resistors 1611
and 1612 which operates to bias. the first control grid of
the tube 1702 to a sufficiently: positive: potential that the
linkage sampling pulses:impressed upon this grid by way
of the conductor 405 will drive this: grid into the conduc-
tive region of the tube 1702 provided the other comtrol
grids ‘of ‘this tube are simultaneously conducting. Ac-
cordingly, during the make period of ¢ach dial impulse,
and other off hook periods, the potential on the first con-
trol grid of the tube 1702 is sufficiently positive to permit
that one of the linkage sampling pulses which coincides
with the selector pulses produced on the conductor 339
to be gated through the tube 1702 and’ also to be modu-
lated in amplitude in accordance with the audio signals
produced at the third control grid of this tube. However,
during- the break period of each dial impulse the poten-
tial on the resistors 1611 and 1612 is reduced to a rela-
tively low value so that the first control grid of the tube
1702 is:biased sufficiently beyond cut-off that transmission
of linkage sampling pulses through the tube 1702 ceases.
As a result, the dial impulses are repeated through the
circuit 324 to the connector $31b. The particular link-
age sampling pulse which is gated through the tube
1702 appears in the time position assigned to the selected
idle acceptor-connector link.” Thus; in: the illustrated cali,
the linkage sampling pulses would: appear in the time
position 82b assigned to' the link 131. The selected
linkage sampling pulse may now be called a selector
forward signal pulse and is transmitted over the con-
ductor 195, through the. selector forward coupling cir-
cuit 186, and over the conductor 196 to all of the con-

-nectors of the system. However, only the connector

1315 is conditioned to accept these selector forward
signal pulses by coincidence thereof with the acceptor
gate pulses gated to the connector 131b: by its associated
acceptor 131a in the time position 625 assigned to the link
131. As a result, only the connector 1315 responds to
these selector forward signal pulses by selecting the tens,
units and party line designation of the called line within
the called hundreds line group 13 in the manner de-
scribed in detail heretofore. .

Assuming that all of the links 131, 133-135 in the
hundreds group 13 are busy at the time the illustrated
call is directed to the line No. 232 in the hundreds
group 13, no idle pulses will be produced on the conduc-
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tor 395a by the idle pulse gate circhit 395 and, hence,
none of the coincidence tubes in the circuit 397 will be
fired. It is the function of the connector busy lock cir-
cuit 396 to terminate the hunting operation of the
coincidence tube circuit 397 at the end of the connector
busy test interval and condition the busy tone gate cir-
cuit 323a to transmit a busy tone signal to the calling
“subscriber to inform him that there is no linkage avail-
able in the called hundreds line group to complete the
call. - -

It will be recalled from the foregoing description of
the operation of the selector 1205 during dialing of the
first digit, that after the first digit is completed. the
hundreds sequence timing tube 1300 in the circuit 312
is fired so as to produce a positive potential on the con-
ductor 334.  This potential is impressed upon an inte-
gration network including the resistor 1566 and the con-
denser 1522 so that the condenser 1521 starts to charge
positively to the positive potential on the conductor 334.
If the trunk hunting operation performed in the con-
nector coincidence tube circuit 397 is succesful and one
of the coincidence tubes therein is fired, a negative po-
tential is produced across the common anode resistor
1336 in this circuit. This negative potential is coupled
through the resistor 1522 to the condenser 1521 to
prevent this condenser from being charged positively
through the resistor 1566 by an amount sufficient to
fire the tube 1531. As.a result, if any one of the tubes
in the coincidence tube circuit 397 is fired the condenser
1521 in the connector busy lock circuit 326 is prevented
from charging to a sufficient positive level to fire the
tube 1531 in this circuit. However, if all of the link-
age in the called hundreds line group is busy, none of
the coincidence tubes in the circuit 397 is fired and the
condenser 1521 continues to charge positively until it
reaches a sufficiently positive potential to fire the con-
nector busy lock tube 1531. When this tube fires a
positive potential is produced acros sthe cathode resistor
1523 thereof and this positive potential is coupled through
the resistors 1524 and 1525 to the control grid of the
busy tone gate tube 1532. The tone gate tube 1532
responds to this positive enabling bias potential impressed
upon the control grid thereof, by gating therethrough a
120 i.p.m. busy tomne signal derived from the busy tone
generator 29d over the conductor 49 and through the cou-
pling condenser 1526. This busy tone signal which is
transmitted through the tone gate tube 1532 is coupled
through the condenser 1527 and the resistor 1528 and
over the conductor 344 and through the low pass filter
1803 to the third control grid of the return out gate
tube 1704.

In considering the operation of the return out gate
circuit 326, it is pointed out that this circuit corresponds
generally to the calling line out gate circuit 426 in the
connector 1315 and reference may be had to the co-pend-
ing application, Serial No. 301,215, referred to above, for
a complete and detailed description of this circuit. How-
ever, for the purposes of the present invention, it may
be stated that the first control grid of the gate tube 1701
in the circuit 326 is excited by linkage sampling pulses
impressed thereon from the conductor 464 through the
coupling condenser 1715. The second control grid of the
tube 1701 is excited by finder gate pulses appearing on
the conductor 1204 in the time position 64b assigned
to the calling line No. 123. The third control grid of the
tube 1761 is excited by the above-described busy tone sig-
nal from the busy tone gate circuit 3254, a corresponding
dial tone signal from the dial tone gate circuit 325 and
the reconsiructed signal voltage derived from the called
line which is produced across the output resistor 1804 in
the return reconmstructor circuit 322. Accordingly, when
the busy tone signal is gated by the tube 1532 to the
third control grid of the tube 1701 this latter tube responds
thereto by modulating the linkage sampling pulse gated
through this tube with the busy tone signal. The modu-
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lated selector pulse produced at the anode of the tube

1701 is coupled to the distributor 154 over the conductor
51a and is distributed to the line circuit 10a so as to
inform the calling subscriber at the substation A that all
of the linkage in the called hundreds line group is busy
and that the call cannot be completed.

In the event that linkage is. available in the called

-hundreds line group so that one of the coincidence tubes

in the connector' coincidence tube circuit 397 is fired, a
negative potential is produced across the common anode

-resistor 1336 in this circuit so as to decrease the avail-

able charging potential for the condenser 1521 to a point
such that this condenser is unable to charge sufficiently
positively to fire the connector busy lock tube 1531. As
a result, the busy tone gate tube 1532 is not enabled and
no busy tone signal is returned to the calling subscriber.

From the foregoing general description of the system,
it will be recalled that the selector forward signal pulses
produced by the forward out gate circuit 324 in the
manner described above are coupled to the operatively
associated acceptor-connector link 131. It will further be
recalled that these selector forward signal pulses are
interrupted in accordance with the dial impulses produced
at the calling substation A during the second, third and
fourth digits. Accordingly, the selector forward signal
pulses correspond substantially to the multiplexer pulses
produced on the muiltiplexer output conductor 504 in the
calling hundreds group 12. However, these selector for-
ward signal pulses appear in the time position assigned
to the acceptor-connector link 131.

As described generally heretofore, the connector 131h
responds to the interruption in selector forward pulse
flow by registering the second and third digits, and, in
the event of a party line ringing system the fourth digit,
so that the called line is selected within the called line
hundreds group and also a party line ringing signal which
identifies the called substation connected to the called
line is selected by the connector 131. When the called
substation G at the called line No. 232 answers, the
signal modulated multiplexer pulses produced by the
multiplexer 115 in the time position assigned to the
called line are transmitted over the output conductor 505
thereof to the comnector 3316 and are shifted from the
pulse time position 63c assigned to the called line No.
232 into the pulse time position 62b assigned to the
acceptor-connector link 131, The connector 131b oper-
ates to produce selector return pulses which are modu-
lated in accordance with the called line signals and these
pulses are transmitted back to the selector 1285 over a
path which includes the conductor 28¢, the selector re-
turn coupling circuit 188, and the conductor 199. These
selector return pulses are then impressed upon the re-
turn in gate circuit 323 in the selector 1285.

Considering now the operation of the return in gate
circuit 323, it is pointed out that this circuit is in general
similar to the called line in gate circuit 423 in the connec-
tor 131h and reference may be had to the co-pending
application, Serial No. 301,215, referred to above, for a
detailed description thereof. However, for the purposes
of the present invention, it may be stated that the selector
return pulses produced on the conductor 199 are coupled
through the condenser 1716 to the suppressor grid of the
return in gate tube 1783. These pulses are of positive
polarity and are clamped by means of the crystal rectifier
1717 to the negative potential produced at the arm of the
bias potentiometer 1718. The first control grid of the
gate tube 1763 is excited by selector pulses impressed
thereon from the conductor 33%. As a result, the gate
tube 1703 operates to gate therethrough only those selec-
tor return pulses which occur in the time position 625
assigned to the acceptor-conmector link 131 which is
operatively associated with the called forwarding selector
120b. These gated selector return pulses appearing at the
anode of the tube 1783 are coupled through the con-
denser 1719 to the control grid of the inverter tube 1704
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wh rein they are aimplified and inverted apd: appéai' as
positive pulses at the atode: of the tabe 1704, These
positive pulses are coupled throngh the condenser ¥720
6 the control grid 6f the chargifig tube 1804 in tHe feturn
Técohstructor circuit 322.

In cons1de1mg the operation of the retiirn reconstrue-
tor- citcuit 322, it' is' pointed out that this cifcuit’ cofre-
sponds generally to the called line reconstructor circuit
422 in the connector 1315 and reference may be had to
tie co-periding application, Serial No: 301,215, identified
above for a detailed description of this circuit. However,
for the purposes of the present mvennon, it may be
stated that the seléctor pulses produced or the conductor
339 are impressed upon  the. first control grid of the
peaker tube 1705 so as to produce at the anods of this
tube short negative pulses which imrediately precede
thi¢ selector refurn pulses transmitted to theé condenser
chatging tube 1801 in the circuit 332. The négative
‘pulses produced at the anode of the peakeér tube 1705
are coupled to’the discharging tube 1800 and opérate to
render this tube conductive so that the condenser 1805
is  discharged by the tube’ 1800 immediately prior to sach
chargmg operation by the tube 1801. As a result, the
¢alled lihe signals are reconstructed scross the condenser
"1805 in a step-like wave form: the average valtie of which
corresponds to the audio signals originating at the called
Tine No. 232. This stepped audic waveform is impressed
upon the control grid of the cathode follower tube 1802
“and is reproduced across the resistor 1894 thereof in like
’phase The reconstructed sigmnals produced actoss the
fesistor 1804 are filtered in the low pass filter 1803 to
temove the. abrupt steps in the waveform prodiced by
charging and dlschargmg the condenser 1805 and the
“fittered audio signals are impressed upon the third  ¢on-
trol grid of the return out gate tubé 1701 in the &ircuit
326. The gate tube 1701 in the ¢ircuit 326 operates to
modulate the selector signal pulses produced at the anode
of this tube with the called lifie signals which. afe recon-
structed in the circuit 322 so that the sighal modulated
selector signal pulses are transmitted to the distributor
154 over the conductor 514 and are répeatéd through this
distributor to the line ciréuit 10a. . As a ftesult, the
¢alled line signals are iransiitted to the calling sub-
seriber at the callmg substation ‘A so that two-way trans-
mission of signals is accomphshed Between. the c¢alling
substation' A and the called substation. G.

Frorm the forégoing description of the systéin, it Will be
uniderstood that the acceptor-cohnector llnks of the system
are seized by ¢all forwarding seléctors and are bisied to
thé remaining selectors of the system by means of the
above-described idle pulse and ¢onnector busy pulse ¢han-
nels.  Thus, each acceptor produces idlé pulses in the
time position assigned theréts. and these. idle piilses are
transmitted through the idle pulse coupling circuit 187
to all of the selectors of the system in pariallel.
forwarding selector selects one of these idle puisés in
accordance with the hundreds digit désignation of the
¢alled line and sends out connector busy pulseés in the
same time position which aré coupled through the con-
nector busy pulse couphng circuit 205 to all of the ac-

Sporids to these connector busy pulses by removmg the
corresponding idle pulses froi -the idlé pulse ¢hannel so
that all of the other selectors of the systém are informed
that that particular accepto¥-connector link is i vse.
In ordei to simplify the cablihg between the finder-
selector liniks. and the acceptor-connector links- of the
'system, an alternative arrangement may be employed
whetein the idle pulse channel between the acceptors and
selectors of the system is eliminated. Tn this alternative:
embodiment, an idle pulse generator which is common to
all of the linkage of the systéem is employed to géderate
idle pulses in the time positions assigned to each acceptor-
: connector link of the system; and the idle pulses carried
by this idle pulse generator are transmitted to all of the
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‘selectbrs of the system. Whet a call forwardmg seledtor

selécts one of these idle pulses; the selector produées
conector busy pulses in the manner described héretofore
i the same time position which are coupled through a
connector busy pulse coupling circuit to all of the other
selectors of the system. However, with this alternative
gmbodiment, the idlé pulse channel betwee~1 the acceptors
and selectors of the system is eliminated and the con-
nector busy pulse channel does not extend between the
acceptors and selectors of the system, but instead, merely
interconnects the selectors to permit one call forwarding
selector to busy a particular acceptor-connector link to
all of the other selectors of the system.

In order to illustrate the details of this alternative
embodiment, there is shown in Fig. 30 a portion of the
selector. 1205 in which the necessary modifications have
been made to provide for the single connector busying
channel between the selectors of the system as described
above. More specifically, there is shown in Fig: 30
of the drawings the idle pulse gate circuit 395 and the
selector pulse and connector busy pulse forming circuit
317 of the selector 1205 together with a connector busy
pulsé coupling circuit 3000 which is common to all of
the selectors of the system. In Fig. 30, circuit com-
ponents which are identical to those described in detail
above in connection with Flgs 13 to 18, inclusive, of
the drawings have been- given corresponding reference
Aurnerals, the additional circuit components necessary to
the alternative embodiment being given reference numer-
als in the 3000 sexies.

Before cons1der1ng in detail the modifications which
st be made in the selector 128b to provide this alter-
native embodlmem, it is pointed out that the idle pulse
cifcuit 403 in each of the acceptors of the system is
&liminated by this alternative embodiment. Thus; in:the
acceptor 131a (F1g 19), the tens pulses appearing on
the conductor 325 are only transmitted through the con-
denser 1920 to the suppressor grid of the acceptor gate
tube 1900 and the connection of the channel pulse con-
ductor 34a to the acceptor 131a is not required, thereby
furthér simplifying the cabling to the acceptors of the
system. It is also pomted out that the idle pulse out
conductor 198 which is common to all the acceptors of
the system is eliminated as well as the idle pulse coupling
circait 187. The idle pulse in conductor 197, however,
is still requtred in the alternative emibodiment, but this
conductor is connected to a common idle pulse geherator
in the common equipment 17. '

In the event that ten  accéptor-connector links are
utilized in each hundreds line group of the system so
that one hindred acceptor-connector links are used and
éach time poOsition in the basic time position frame fepre-
sents an active acceptor-connector link of the system,
the linkage sampling pulses devéloped by the drive circuit
494 may readily be employed as idle pulses since these
linkage sampling pulses appear in each time position
within the- basic time position frame and are of relatively
short duration: ~ Accordingly, if one hundred acceptor-
connector links are used in the system, the output con-
ductor 40b of the drive circuit 40a is connected to each
of the selectors of the system in place of the idle pulse

. if conductor 197 in the system illustrated in Figs. 1-12,

70

(]

inclusive, However, if less than one hundred acceptor-
eonnector links are employed in the system, it is neces-
safy to provide additional artificial connectot busying
fieans as will Bé described in more detail heréinafter.
It is’ further pointed out that in the alternativé émbodi-
thent; the eonductor 205p from the connector busy pulse
ceuplmg ¢ircuit 205 to all of the acceptors of the system
is eliminated. . It i5 also pointed out that in the described
alternative embodiment thé conductor 205b is not con-
nected between thé connector busy pulse coupling ¢ir-
cuit 205 and all of the acceptors of the system, but instéad,
extends from the output terminals of the connéctor Busy
pulse coupling circuits 205 to all of the seléctors of
the system.,
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Considering now in more detail the selector modifica-
‘tions required in the described alternative embodiment,
the idle pulse gate tube 1306 in the idle pulse gate
circuit 395 is supplied with selector allotting pulses from
the selector allotting circuit 205 over the conductor
20-1, the shield grids surrounding the second control
grid of the tube 1386 are supplied with an enabling poten-
tial from the hundreds sequence timing circuit 312 over
the conductor 334, and the third control grid of the tube
1306 is supplied with tens pulses selected by the hundreds
digit register 311 over the conductor 332 in the same
manner as that described in detail above in connection
with Fig. 13 of the drawings. Furthermore, the first
control grid of the tube 1306 is biased by means of a
potential derived from the connector busy lock circuit
369 by way of the conductor 3%6a. However, in the
described alternative embodiment, the first control grid
of the gate tube 1306 is excited by linkage sampling
pulses transmitted thereto over the conductor 40b from
the drive circuit 48qa. Furthermore, a cathode resistor
3002 is connected from the cathode of the tube 1306 to
ground and the cathode of this tube-is connected to the
cathode of an idle pulse control tube 3691. The control
grid of the control tube 3881 is connected through the
condenser 3803 to the common connector busy pulse in
conductor 2¢5b which is multipled to all of the selectors
of the system. Also, the control grid of the tube 3001
is biased.beyond cut-off by means of the voltage divider
network including the resistors 3884 and 39085 which are
connected between the negative bias potential source and
ground. The anode to the tube 3881 is connected to the
positive potential source so that the tube 3081 is oper-
ated as a cathode follower and repeats any connector busy
pulses transmitted thereto over the conductor 205b across
the cathode resistor 3602 of the idle pulse gate tube 1306.

'If any one of the acceptor-connector links of the
system is seized by a call forwarding selector so that
this call forwarding selector produces connector busy
pulses in the time position assigned to the seized accep-
tor-connector links, these connector busy pulses will be
present on the conductor 265h and will be produced
across the cathode resistor 3002 of the gate tube 1306
so as to prevent this gate tube from transmitting there-
through those linkage sampling pulses impressed upon
the first control grid thereof which occur during the
connector busy pulses. Therefore, the idle pulse gate
circuit 395 is prevented from transmitting therethrough
those linkage sampling pulses which occur during the
time positions assigned to seized acceptor-connector links
in the called hundreds line group.

The remainder of the idle pulse gate circuit 395 and
the selector pulse and connector busy pulse forming cir-
cuit 317 is substantially the same as described above in
detail in connection with Fig. 13 of the drawings. How-
ever, it will be noted that the selector pulses which are
transmitted to the return out gate circuit 326, the for-
warding out gate circuit 324 and the return reconstructor
circuit 322 are derived from the cathode of the con-
nector busy pulse gate tube 1348.

In the described alternative embodiment, the output
of the connector busy pulse gate tube 1340 is again con-
nected over the common conductor 205z to the input
terminals of a connector busy pulse coupling circuit.
However, in the alternative embodiment, the output ter-
minals of this connector busy pulse coupling circuit
are multipled back to all of the selectors of the system.
In this connection, it will be understood that the con-
nector busy pulse coupling circuit 3606 shown in Fig.
30 performs an identical function to the connector busy
pulse coupling circuit 265 shown in Figs. 1 to 12, in-
clusive, although a somewhat different circuit arrange-
ment is shown in Fig. 30 of the drawings for this cou-
pling circuit and either . circuit may be employed to
couple the connector busy pulses between the indicated
multiple points in the system.
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The connector busy pulses developed by all of the
call forwarding selectors of the system are transmitted
over the conductor 2054 and through the condenser 3006
to the first control grid of an amplifier tube 3007, the
resistor 3008 connected from the conductor 2054 to the
positive potential supply serving as the common anode
resistor for all of the connector busy pulse gate tubes
1340 in the selectors of the system. A clamping recti-
fier 3009 functions to clamp the base line of the nega-
tive connector busy pulses impressed upon the first con-
trol grid of the tube 3007 to ground potential. These
connector busy pulses are amplified and inverted in the
tube 3007 and are coupled through the condenser 3010
to the first control grid of a cathode follower output
tube 3011. These positive connector busy pulses are
thus repeated across the cathode resistors 3012 and 3013
in the cathode circuit of the tube 3011 and are trans-
mitted over the conductor 2055 to the idle pulse control
tubes 3001 in each of the selectors of the system. The
cathode of the amplifier tube 3607 is connected to the
junction point of the resistors 3012 and 30613 to pro-
vide a regenerative feedback connection from the output
to the input of the connector busy pulse coupling cir-
cuit 3000 so that the wave shape of the connector busy
pulses is maintained during transmission through the cir-
cuit 3000. Also, the inductance 3014 in the anode cir-
cuit of the amplifier tube 3607 is provided to improve
the high frequency response of this amplifier and pre-
serve the wave shape of the connector busy pulses which
are transmitted through this tube. The positive con-
nector busy pulses impressed upon the conductor 2055
are transmitted to all of the selectors of the system and,
as described heretofore, operate to block the idle pulse
gate tube 1306 in each selector for the duration of each
connector busy pulse. Accordingly, the seized accep-
tor-connector links of the system are busied to all of
the selectors of the system without the provision of two
separate pulse channels between the finder-selector link-
age and the acceptor-connector linkage of the system.

In the event that less than one hundred acceptor-con-
nector links are employed in the system, artificial busy-
ing means must be provided in the system to prevent
the selectors of the system from selecting an idle pulse
which occurs in a time position which is not assigned
to an active acceptor-connector link. In this connec-
tion, it will be understood that certain ones of the ac-
ceptor-connector links of the system may be temporarily
out of commission due to servicing, repairs or the like,
in which case it is desirable to provide artificial busying
means so that the remaining components of the system
may function while such repairs are going on,

In accordance with the described alternative embodi-
ment, there is provided an artificial connector busy pulse
generator 3100, the details of which are shown in Fig. 31
of the drawings. The generator 3100 is similar in many
respects to the trunk marking pulse generators 194a,
19456-194j, which are described in detail in the co-
pending application, Serial No. 301,215, referred to above
and reference may be had to that application for a gen-
eral description thereof. The artificial connector busy
pulse generator 3109 selects certain ones of the positive
units pulses developed by the units pulse ring 20 and
these. selected units pulses are employed as artificial
connector busy pulses to indicate a permanent busy
condition in the time positions which are not assigned
to active acceptor-connector links of the system. Thus,
referring to Fig. 31, the units pulses which are successive-
ly produced on the units pulse conductors 3iq, 315-31j,
inclusive, are connected to one or more of a plurality
of units pulse mixing busses. In the illustrated embodi-
ment, only two such busses 3101 and 3162 are shown
as active pulse mixing busses. However, it will be un-
derstood that a pulse mixing bus may be provided for
each tens digit level of the system in the event that one
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or more acceptor-connector links is missing from each
hundreds line group of the system.

~The units pulses which appear on the conductors 31a,
31p-31j, inclusive, are connected to different ones of the
pulse: mixing busses in accordance with the time posi-
tions assigned. to inactive acceptor-connector links of the
systemn. In the illustrated embodiment, it is assumed
thst only nine acceptor-connector links are active in the
first. hundreds group 12 and that these nine acceptor-
connector links are assigned to the first nine time posi-
tions. within the first. tens pulse interval 72¢. . Accord-
ingly, the units pulses appearing on the conductor 31j
are, connected to the pulse mixing bus 3161 through the
isolating resistor 3103 so that units pulses 71a, 716-71j,
inclusive, appearing in the tenth units pulse time posi-
tion. in.each tens pulse interval appear on the pulse mix-
" ing bus 3161. In this connection, it will be understood
that the. assignment of time positions to the acceptor-
connector links. in each hundreds group is on an arbi-
trary basis and the nine active acceptor-connector links
in the: first hundreds. group 12 could equally well be as-
signed. the second to tenth units pulse time positions
in the first tens pulse interval 72a or any other nine time
positions within. this tens pulse interval.

In the. illustrated  embodiment, no acceptor-connector
links. are missing in the second and third hundreds line
groups so that the pulse mixing busses 3104 and 3105
do. not have any units pulses impressed thereon from the
units. pulse conductors. 31a, 31b-31j; inclusive. In the
fourth hundreds: line group, it is assumed that only
seven: acceptor-connector links. are: actively assigned to
this. hundreds line group and- these acceptor-connector
links have assigned thereto the third through ninth units
pulse time positions in the fourth tens pulse interval
75q.  Accordingly, the units pulses appearing on the
conductor 31a are coupled to the pulse mixing bus- 3102
through the isolating resistor 3106, the units pulses ap-
pearing on the conductor 31b are coupled to the mixing
bus. 3101 through the isolating resistor - 3167, and the
units pulses appearing on the conductor 31; are likewise
coupled: to- the mixing bus 3102 through the isolating
resistor 3108. In this comnection, it will be understood
that the other isolating resistors shown in the drawing
may. be -connected as desired to different ones of the

- pulse mixing busses-to produce artificial connector busy
pulses in different time positions in accordance with the
number of acceptor-connector links used in- each hun-
dreds: line group.

. Each: of the pulse mixing busses is connected to a pulse
amplifying and clipping channel having the common.
anode load resistor 3169 as the output thereof. Thus,
the- pulse mixing bus 3101 is coupled through the con-
denser 3110 to the contral grid of a first amplifier tube
3111 so that the units pulses impressed upon the pulse
mixing bus 3101 are amplified and inverted in the tube
3111 and are coupled through the condenser 3112 to the
control  grid of a second amplifier and inverter tube
3113, The positive units pulses appearing at the anode
of the tube 3113 are coupled through the condenser 3114
to the suppressor grid of a tens gating tube 3115. The
afiode of a clamping rectifier 3116 is connected to the

“suppressor.grid-of the tube 3115 and the cathode of this-

rectifier is conmected to a positive potential as deter-
mined by the voltage divider metwork including the re-
sistors 3117 and 3118 which are connected from the
positive potential supply to ground.

¥n' order: to select only that one of the units pulses
which appears in the first tens pulse interval 72a, the
“tens pulses appearing on the conductor 32a are coupled
through the condenser 3119 to the first control -grid of
. the gate tube 3115. Accordingly, only the units pulse
71a, which occurs during the first tens pulse interval
72a, appears across the common anode resistor 3109
. of the gate tube 3115. In a similar manner, the units
pulses impressed upon the pulse mixing bus 3102 are
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amplified and inverted in the tubes 3126 and 3121 and
are impressed upon the suppressor grid of the tens gaté
tube 3122, Tens pulses appearing in the fourth ten$
pulse interval 75a are impressed upon the first comtrol
grid of the tube 3122 over the conductor 32d so that
only the units pulses 62d, 63d and 7id, which occur
during the fourth tens pulse interval 75a, are produced
across the common anode resistor 3189. It will thus be
evident that the units pulses appearing on the conductors
314, 31b-31j, inclusive, may be selectively impressed
upon the pulse mixing busses and selectively gated by
means of the tens pulses appearing on the conductors
32a, 32b-32j, inclusive, so as to produce across the com-
mon anode resistor 3109 negative units pulses which
may now be called connector busy pulses in any desired
time position within the basic time position frame.
These artificial conmector busy pulses are coupled
through the condenser 3125 to the first control grid of
an amplifier tube 3126 wherein these pulses are ampli-
fied and inverted and appear at the anode of the tube
3126 as positive artificial connector busy pulses. The
pulses produced at the anode of the tube 3126 are cou-
pled through the condenser 3127 and through a pulse
clipping circuit including the rectiffiers 3128 and 3129
to the control grid of an output tube 3130, The cathode
of the tube 313¢ is biased positively by means of the
voltage divider network including the resistors 3131 and
3132 so that normally the tube 3130 does not conduct.
The negative attificial connector busy pulses produced at
the anode of the tube 3138 are transmitted over the
common connector busy pulse out conductor 28Sa to
the connector busy pulse coupling circuit 3609. With
this arrangenient, any one of the acceptor-connector links
of the system may be taken out of service by merely
making an appropriate connection from the desired units
pulse conductor to one of the units pulse mixing busses
so as to produce artificial connector busy pulses in the
time position assigned to the acceptor-connector links.
Also, the trunking percentage of the system may be al-
tered by means of the above-described artificial con-
nector busy pulse generator since artificial commector
busy pulses may be produced in those time positions
which are not used by active acceptor-connector links of
the system. .

In the alternative embodiment shown in Fig. 30, the
Tinkage sampling pulses produced on the conductor 405,
which appear in each time position on the basic time
position frame, are used as idle pulses and those linkage
sampling pulses which occur in time positions which are
-assighed to unused acceptor-connector links are cancelled
by means of the above-described artificial connector busy
pulses generator 3160. This arrangement may be fur-
ther simplified by providing the idle pulse generator 3240,
showh in Fig. 32 of the drawings, the output of which is
contiected to the first control grid of the idle pulse gate
tube 1306 in each of the selectors of the system instead
of the linkage sampling pulses produced on the conductor
40b. With this arrangement, the artificial connector busy
pulse generator 3109 is not required since idle pulses are
generated only in the pulse time positions which represent
active acceptor-connector links of the system.

Considering now the details of the idle pulse generator
3200, a pulse forming matrix is provided which includes
the pulse mixing busses 3201, 3292, etc., and substantially
jdentical to that provided in the artificial connector busy
pulse generator 3169. Furthermore, each pulse mixing
bus has connected thereto an amplifying and gating chan-
nel similar to the artificial connector busy pulse generator
3100 so that there is produced across the common anode
yesistor 3209 in the idle pulse generator 3200, units pulses

" corresponding to the units pulse conductors which are

" connected to individual ones of the pulse mixing busses.

75

In order to simplify the connection of the units pulse
conductors 31a, 315-31j, inclusive, to the individual pulse
fiixing busses, only those units pulses which appear in
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the time positions which are not used by active acceptor-
connector links are produced across the anode resistor
3209. These negative units pulses are coupled through
the condenser 3248 and a pulse clipping circuit including
the rectifier 3241 to the first contrel grid of an idle pulse
gating tube 3242, - The linkage sampling pulses appear-
ing on the conductor 43b are coupled through the con-

enser 3243 to the suppressor grid of the gating tube 3242.
Therefore, with no negative pulses impressed upon the
first contro! grid of the tube 3242, ie., with ten active
acceptor-connector links in each hundreds group, all of
the linkage sampling pulses are gated through the tube
3242 and appear as negative pulses across the anode
resistor 3244 thereof. However, if one of the acceptor-
connector links of the system is not in use, for example,
if the tenth acceptor-connector link in the first hundreds
group 12 is not in use, negative units pulses are produced
across the resistor 3269 by connecting the units pulse
coaductor 33ij through the isolating resistor 3283 to the
pulse mixing bus 3281 and gating the units pulses appear-
ing on this bus by means of the tens pulses appearing on
the conductor 32a4. This negative units pulse appearing
across the resistor 3289 is coupled through the condenser
3249 to the first control grid of the gating tube 3242 so
that this tube is cut off for the duration of this units
pulse. Accordingly, the corresponding linkage sampling
pulse appearing on the conductor 425 during the interval
of this units pulse is prevented from being transmitted
through the tube 3242 so that no pulse appears across
the ancde resistor 3244 in the tenth units pulse time posi-
tion within the first tens pulse interval 724. In a similar
manner, one or more units pulses may be produced in
each tens pulse interval according to the number of active
accepior-connector links in each hundreds line group,
and there is produced across the resistor 3244 of the gate
tube 3242 only those linkage sampling pulses which occur
during the time positions assigned to active acceptor-
connector links of the system. These linkage sampling
pulses, which may now be called idle pulses, are coupled

through the condenser 3245 to the first control grid of :

an amplifier tube 3246 and are repeated as positive pulses
across the anode resistor 3247 of this tube. The positive
idle pulses produced across the resistor 3247 are coupled
through the condenser 3248 to the control grid of a
cathode follower output tube 3249, a rectifier 3250 being
connected from the control grid of the tube 3249 to
ground to clamp the base line of these idle pulses to
ground potential. The cathode of the tube 3249 is.con-
nected over the illustrated coaxial cable 3251 to the idle
pulse gate tube 1396 in each of the selectors of the system,
the 300 ohm impedance of the cable 3251 acting as the
cathode impedance for the tube 3249. Accordingly, each
of the idle pulse gate tubes 1306 in the selectors of the
system has impressed thereon idle pulses which appear
only in the time positions assigned to active acceptor-
connector links of the system so that it is impossible to
select an idle pulse which does not represent an. active
acceptor-connector link in the system.

While there have been described what are at present
considered to be the preferred embodiments of the inven-
tion, it will be understood that various modifications may
be made therein which are within the true spirit and scope
of the invention as defined in the appended claims.

What is claimed as new and is desired to be secured
by Letters Patent of the United States is:

1. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups com-
posed of different ones of said lines, means for developing
a plurality of time positions which recur in repetitive time

position frames, means for assigning each of said time

positions to one line in each of several of said line groups
so that the number of said lines is substantially greater
than the number of said time positions, and time posi-
tion respomsive means directively controllable over call-
ing ones of said lines for simultaneously setting up con-
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nections between different pairs of said lines in the time
position assigned to the calling and called lines, said
simultaneous connections including those involving call-
ing and called lines in different line groups having the
same time position assigned thereto.

2. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups composed
of different ones of said lines, means for developing a
plurality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions tc one line in each of several of said line
groups, whereby the number of said lines is substantially
greater than the number of said time positions, first
time position responsive means directively controllable
over any calling one of said lines for establishing a con-
nection between said calling line and any called one of
said lines, means for designating certain of said lines as re-
stricted service lines, and second time position respon-
sive means controlled by said restricted service desig-
nating means for restricting the service available to said
restricted service lines.

3. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups compris-
ing different ones of said lines, means for developing
a plurality of time positicns which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
than the number of said time positions, first time posi-
tion responsive means directively controllable over any
calling ome of said lines for establishing a connection
between said calling line and any called one of said
lines, means for designating certain of said lines as re-
stricted service lines, and second time position responsive
means controlled by said restricted service designating
means and said time position developing means for re-
stricting the service available to said restricted service
lines.

4. In an autcmatic telephone system, a plurality of
ines, means -defining a plurality of line groups com-
prising different ones of said lines, means for develop-
ing a plurality of time positions which recar in repeti-
tive time position frames, means for assigning each of
said time positions to one line in each of several of said
line groups, whereby the number of said lines is substan-
tially greater than the number of said time positions, first
time position responsive means directively controllable
over any calling one of said lines for establishing a connec-
tion between said calling line and any called .one of said
lines, means for assigning certain of said lines to one of
two groups of restricted scrvice lines having different class-
es of service available thereto, means for developing recur-
rent pulses which identify certain ones of said lines as be-
ing in one of said restricted service groups, and second
time position responsive means controlled by said recur-
rent pulses for restricting the service available to the lines
in one of said restricted service groups by limiting the time
duration of calls initiated therefrom.

5. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups compris-
ing different ones of said lines, means for developing a
plurality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line
groups, whereby the number of said lines is substantially
greater than the number of said time positions, first time
position responsive means directively controllable over
any calling one of said lines for establishing a connec-
tion between said calling line and any called one of said
lines, means for designating certain of said lines as re-
stricted service lines, and means controlled by said re-
stricted service designating means and operable inde-
pendently of the calling and called line subscribers for
terminating a call a predetermined time interval after the
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«call is jnitiated in the event the calling line is designated
as a restricted service line.

6. In an automatic telephone system, a plurality-of lines,
means defining a plurality of line groups composed of
different ones of said lines, means for developing a
plurality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
than the number of said time positions, first time. posi-
tion responsive means directively controllable over any
calling one of said lines for establishing a connection be-
tween said calling line and any called one of said lines,
means for designating certain of said lines as restricted
service lines, and means controlled by said restricted
service designating means. for transmitting a warning tone
signal to the calling and called subscribers involved in
calls initiated by restricted service lines to inform these
subscribers that the call therebetween has been in ‘prog-
ress for a predetermined time interval.

7. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups composed
of different ones of said lines, means for developing a
plurality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line
groups, whereby the number of said lines is substantially
greater than the number of said time positions, means for
defining a plurality of different trunk groups in each of
which certain ones of said lines in a particular one of
said line groups are included, and time -position respon-
sive means directively controllable over any calling one
of said lines for selecting an idle line within a called
one of said trunk groups in response to a call directed
to any one of the lines in said one trunk group and for
thereafter transmitting signals in both directions between
said calling line and said selected idle line. o

8. Tn an automatic telephone system, a plurality of
lines, means defining a plurality of line groups com-
posed of different ones of said lines, means for de-
veloping a plurality of time positions which recur in
repetitive time position frames, means for assigning each
of said time positions to one line in each of several of
said line groups, whereby the number .of said lines is
substantially greater than the number of said time posi-
tions, means for defining a plurality of different trunk
groups in each of which certain ones of said lines in a
particular one of said line groups are included, means for
assigning consecutively occurring ones of said time posi-
tions to the lnes in each of said trunk groups, and
time position responsive means directively controllable
over any calling one of said lines for selecting an idle
line within a called one of said trunk groups in response
to a call directed to a line in said one trunk group and
for thereafter transmitting signals in both directions be-
tween said calling line and said selected idle line.

9. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups composed
of different ones of said lines, means for developing a
plurality of time pesitions which. recur in repetitive time
position frames, means for assigning -each .of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
than the number of said time positions, means individual
to each of said line groups for marking certain lines with-
in the line group as trunks, a plurality of called line group
selectors for each of said line groups, a plurality of called
line selectors for each of said line groups, means respon-
sive to the initiation of a call on one of said lines for
selecting an idle one of said called line selectors in the
called line group, and means including said selected called
line selector and responsive to said trunk marking means
for selecting an idle line within the called line trunk
group in the event the called line js marked as a trunk.

10. Tn an automatic telephone system, a plurality of
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lines, means defining a plurality of line groups composed
of different ones of said lines, means for developing a
plurality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially- greater
than the number of said time positions, means individual
to each of said line groups for marking certain lines within .
the line group as trunks, a. plurality of called line group
selectors for each of said line groups, a plurality of called
line selectors for each of said line groups, means respon-
sive to the initiation of a call on one of said lines for
selecting an idle one of said called line selectors in the
called line group, means including said selected called line
selector and responsive to said trunk marking means for
selecting an idle line within the called line trunk group
in- the event that called line is marked as a trunk, and
means for transmitting a busy signal over the calling line
in the event all of the lines in the called line trunk group
are busy.

11. In an automatic telephone system, a plurality of
lines, means defining a ‘plurality of line groups comprising
different ones of said lines, means for developing a plu-
rality: of time positions which recur in repetitive -time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
than the number of said time positions, a plurality of
finder-selector links for each of said line groups, a plu-
rality of acceptor-commector links for each of said line
groups, means for assigning a different one of said time
positions to each of said acceptor-comnector links, and
means including a finder-selector link in the calling line
group -and an acceptor-connecter link in the called line
group for setting up a telephonic connection between the
calling and called lines.

12. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
different ones of said lines, means for developing a plu-
rality .of time positions ‘which recur in repetitive time
position frames, means for assigning each of said time

positions to one line in each of several of said line groups,

whereby the number of said lines is ‘substantially
greater than the number of said time positions, means
for assigning different groups of said time positions to
different ones of said line groups, signal sampling means

for sampling signals produced on a calling one of said

lines in the time position assigned to the calling line,
called line group selecting means responsive to impulses
produced on the calling called line as successive called
line group selecting impulses and carried by the signal
samples produced by said last named means for selecting
the .called line containing the called line group, called

line selecting means responsive to impulses produced on

the calling line as successive called line selecting impulses
for selecting the called line within said selected cailed
line group, signal sample converting means for thereafter
converting the signal samples derived from the calling
line into correspending signal samples occurring in the
time position assigned to the called line, and recon-
structor means  for reconstructing the sampled signals
from said last named signal samples and for transmitting
the reconstructed signals over the called line.

13. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
different -ones of said lines, means for developing a plu-

tality of time positions which recur in repetitive time

‘position frames, means for assigning each of said time
positions to.one line in-each of several line groups, where-
by the number of said lines is substantially greater than
the number .of said time positions, a plurality of finder-
selector links for each of said line groups, a plurality of
acceptor-connector links for each of said line groups,
-means for assigning a different one of said time positions
to each of said acceptor-connector links, means including
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a finder-selector link in the calling line group and an
acceptor-connector link in the called line group for set-
ting up a connection between the calling and called lines,
and separate line busying means serving each of said line
groups for busying calling and called lines to the links in
the same line group as said calling and called lines are
taken into use.

14. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
different ones of said lines, means for developing a plu-
rality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially
greater than the number of said time positions, means
for assigning different groups of said time positions to
different ones of said line groups, signal sampling means
for sampling signals produced on a calling one of said
lines in the time position assigned to the calling line, first
signal reconstructor means for reconstructing the sampled
signals from said signal samples, first resampling means
directively controllable over the calling line for resam-
pling said reconstructed signals in an idle time position
assigned to the called line group, second signal recon-
structor means for reconstructing the sampled signals from
said resamples second resampling means directively con-
trollable over the calling line for resampling said last
named reconstructed signals in the time position as-
signed to the called line within said called line group,
and third signal reconstructor means for reconstructing
the sampled signals from said last named resamples and
for transmitting the reconstructed signals over the called
line.

15. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
different ones of said lines, means for developing a plu-
rality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially
greater than the number of said time positions, a multj-
plexer associated with each of said line groups including
& common signal sample output channel and operative
to sample signals produced on the lines of the associated
line group in the time positions individually assigned to
said lines and to transmit the signal samples over the
common signal output channel thereof, a distributor asso-
ciated with each of said line groups and including a com-
mon signal input channel and operative to distribute signal
samples in accordance with the time positions assigned
to the lines in-the associated line group, a signal trans-
mission channel common to all of said lines, a plurality
of finder-selector links associated with each of said line
groups and each connected directly between the multi-
plexer signal output channel of the corresponding line

group and said common signal transmission channel, a-

plurality of acceptor-connector links associated with each
of said line groups and each connected directly between
said common signal transmission channel and the dis-
tributor signal input channel of the associated line group,
each of said acceptor-connector links having individually
assigned thereto a different one of said time positions,
each of said finder-selector links being directively con-
trollable over any calling line in the associated line group
selectively to route signal samples derived from the call-
ing line through the calling line group multiplexer and
over the signal output channel thereof to an idle one of
tpe acceptor-connector. links associated with the called
line group over a path which includes said common signal
transmission channel, each of said acceptor-connector
links being directly controllable over the calling line to
route the calling line signal samples transmitted thereto
over said common signal transmission channel to the dis-
tributor in the associated line group in the time position
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signal input channel of said associated distributor, and
means for reconstructing the calling line signals from said
distributed signal samples and for transmitting the recon-
structed calling line signals over the called line.

16. In an automatic telephone system, a plurality of
lines arranged in different line groups, each of said line
groups including a plurality of lines having individually
assigned thereto different time positions in repetitive time
position frames, an electronic multiplexer associated with
each of said line groups and including a common signal
sample output channel and operative to sample signals
produced on the lines of the associated line group in the
time positions individually assigned to said lines and to
transmit the signal samples over the common signal out-
put channel thereof, an electronic distributor associated
with each of said line groups and including a common
signal input channel and operative to distribute signal
samples in accordance with the time positions assigned
to the lines in the associated line group, a signal trans-
mission channel common to all of said lines, a_ plurality
of finder-selector links associated with each of said line
groups and each connected directly between the multi-
plexer signal output channel of the corresponding line
group and said common signal transmission channel, a
plurality of acceptor-connector links associated with each
of said line groups and cach connected directly between
said common signal transmission channel and the distrib-
utor signal input channel of the associated line group,
each of said acceptor-connector links having individually
assigned thereto a different one of said time positions,
means rendering each of said finder-selector links direc-
tively controllable over any calling line in the associated
line group selectively to convert calling line signal sam-
ples derived from the associated calling line group multi-
plexer into corresponding selector forward signal samples
occurring in the time position assigned to an idle acceptor-
connector link in the called line group and to route said
selector forward signal samples to said idle acceptor-con-
nector link over a path which includes said common sig-
nal transmission channel, means rendering each of said
acceptor-connector links directively controllable over the
calling line to convert the selector forward signal samples
tranismitted thereto over said common signal transmis-
sion channel into corresponding connector signal samples
occurring in the time position assigned to the called line
and to route said conmector signal samples to the dis-
tributor associated with the called line group over a path
which includes the common signal input channel thereof,
means rendering each of said acceptor-connector links
operative to convert called line signal samples derived
from the called line group multiplexer in the time posi-
tion assigned to the called line into corresponding selec-
tor return signal samples occurring in the time position
assigned to said one acceptor-connector link and to route
said selector return signal samples to the finder-selector
link operatively associated with the calling line over a
path which includes said common signal transmission
channel, means rendering each of said finder-selector links
operative to convert selector-return signal samples trans-
mitted thereto over said common signal transmission chan-
nel into corresponding signal samples occurring in the
time position assigned to the calling line and to route
said last named signal samples to the distributor asso-
ciated with the calling line group, and means for recon-
structing the original calling and called line signals from
said distributed signal samples and for transmitting the
reconstructed calling line signals over the called line and
the reconstructed called line signals over the calling line.

17. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
different ones of said lines, means for developing a plu-
rality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially



greater than the number of said time positions, a multi-
plexer ‘associated ‘with each of said line groups and in-
cluding a common signal sample output channel and
operative to sample signals produced on the lines of the
associated line group in.the time positions individually
assigned to said lines and to transmit the signal samples
over the common signal output channel thereof, a dis-
tributor associated with each of said line groups and
including a common signal input channel and operative
to distribute signal samples in accordance with the time
positions assigned to the lines in the associated line
.group, a signal transmission channel common to all of
said lines, a plurality of finder-selector links associated
with each of said line groups and each connected directly
between the multiplexer signal output channel of the
‘corresponding line group and said common signal trans-
mission channel, a plurality of acceptor-connector links
associated with each of said line groups and each con-
nected directly between said common signal transmission
channel and the distributor signal input channel of the
associated line group, each of said acceptor-connector
links having individually assigned thereto a different one
of said time positions, an idle pulse channel intercon-
necting all of said links, each of said acceptor-connector
links including means for impressing idle pulses on said
idle pulse channel in the time position assigned to said one
acceptor-connector link when said one link -is idle, each
‘of said finder-selector links being directively controllable
‘over any calling line in the associated line group to select
the called line group and including means controlled in
part by idle pulses appearing on said idle pulse channel
for convering calling line signal samples derived from
the associated calling line group multiplexer into corre-
sponding selector signal samples occurring in the :time
position assigned to an idle acceptor-connector link in the
called line group and routing said selector signal samples
to said idle acceptor-connector link over a path which in-
cludes said common: signal transmission channel, each of
said acceptor-connector links being directively control-
.able over the calling line to convert the selector signal
samples transmitted therete over said .common signal
transmission channel into corresponding connector signal
samples occurring in the time position assigned to the
called line and to route said connector signal samples to
the distributor associated with the called line group over
a path which includes the common signal input channel
thereof, and means for reconstructing the calling line sig-
nals from said connector signal samples routed to the
associated distributor and for transmitting the reconstruct-
ed calling line signals over the called line.

18. In an automatic teléphone system, a plurality of
lines, means defining a plurality of line groups comprising
different ones of said lines, means for developing a plu-
rality of time positions which recur in. repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number -of said lines is substantially
greater than the number of said time positions, a multi-
plexer associated with each of said line groups including
a common signal samples output channel and operative
to sample signals produced on the lines of the asso-
ciated line group in the time positions individually as-
signed to said lines and to transmit the signal samples
over the common signal output channel thereof, a dis-
tributor associated with each of said line groups.and
including a:common signal input channel and operative
to distribute signal samples in accordance with the time
‘positions assigned to the lines in the associated line group,
a signal transmission channel common to all of said lines,
a plurality of finder-selector links associated with each
of said line groups and each connected directly between
the multiplexer signal output channel -of the correspond-
“ing line group and said common signal transmission chan-
nel, a plurality of acceptor-connector links associated with
each of said line groups and each connected directly
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between said common signal transmission channel and
the signal input channel of the corresponding line group,
each of said acceptor-connector links having individually
assigned thereto a different one of said time positions, an
idle pulse channel interconnecting all of said links, each
of said acceptor-connector links including means for im-
pressing idle pulses on said idle pulse channel in the time
position assigned to said one acceptor-connector link when
said one link is idle, each of said finder-selector links
being directively conmtrollable over any calling line in
the associated line group to select the called line group
and including means controlled in part by idle pulses
appearing on said idle pulse channel for converting call-
ing line signal samples derived from the associated calling
line group multiplexer into corresponding selector for-
ward signal samples occurring in the time position assigned
to an idle acceptor-connector link in the called line group
and. routing said selector forward signal samples to said
idle acceptor-connector link over a path which includes
said common signal transmission channel, each of said
acceptor-connector links being directively controllable
over the calling line to convert the selector forward sig-
nal samples transmitted thereto over said common signal
transmission channel into corresponding connector signal
samples occurring in the time position assigned to the
called line and to route said comnector signal samples
to the distributor associated with the called line group
over a path which includes the common signal input
channel thereof, each of said acceptor-connector links be-
ing operative to convert called line signal samples derived
from the called line group multiplexer in the time posi-
tion assigned to the called line into corresponding selec-
tor return signal samples occurring in the time position
assigned to said one acceptor-connector link and to route
said selector return signal samples to the finder-selector
link operatively associated with the called line over a
path which includes said common signal transmission
channel, each of said finder-selector links being operative
to convert selector-return signal samples transmitted there-
to over said common signal transmission channel into
corresponding signal samples occurring in the time posi-
tion assigned to the calling line and to route said last
named signal samples to the distributor associated with
the calling line group, and means for reconstructing the
original calling and called line signals from said distrib-
uted signal samples and for transmitting the reconstructed
calling line signals over the called line and the recon-
structed called line signals over the calling line.

19. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
different ones of said lines, means for developing a plu-
rality of time positions which recur in repetitive time
position’ frames, means for assigning each of said time
positions to one line in each. of several of said line groups,
whereby the number of said lines is substantially
greater than the number of said time positions, a multi-
plexer associated with each of said line groups including
a common signal sample output channel and operative to
sample signals produced on the lines of the associated
line group in the time positions individually assigned to
said lines and to transmit the signal samples over the
common signal output channel thereof, a distributor asso-
ciated with each of said line groups and including a com-
mon signal input channel and operative to distribute sig-
nal samples in accordance with the time positions as-
signed to the lines in the associated line group, a signal
transmission channel common to all of said lines, a plu-
rality of finder-selector links associated with each of said
line groups and each connected direcily between the multi-
plexer signal output channel of the. corresponding line
group and said common signal transmission channel, a
plurality of acceptor-connector links associated with each
of said line groups and each connected directly between
sajd common signal transmission -channel and the dis-
tributor signal input channel of the corresponding line
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group, each of said acceptor-connector links having indi
vidually assigned thereto a different one of said time posi-
tions, an idle pulse channel interconnecting all of said
links, each of said acceptor-conpector links including
means for impressing idle pulses on said idle pulse chan-
nel in the time position assigned to said one acceptor-
connector link when said ome link is idle, each of said
finder-selector links being directively controllable over any
calling line in the associated line group to select the called
line group and including means controlled in part by idle
pulses appearing on said idle pulse channel for convert-
ing calling line signal samples derived from the associated
calling line group mutliplexer into corresponding selector
signal samples occurring in the time position assigned to
‘an idle acceptor-connector link in the called line group
and routing said selector signal samples to said idle accep-
tor-connector link over a path which includes said com-
mon signal transmission channel, each of said acceptor-
connector links including means responsive to selector
signal samples transmitted thereto over said common
signal transmission channel in the time position assigned
to the acceptor-connector link for removing the corre-
sponding idle pulses from said idle pulse channel thereby
to indicate to the other finder-connector links of the system
the busy condition thereof, each of said acceptor-con-
nector links being directly controllable over the calling
line to convert the selector signal samples transmitted
‘thereto over said common signal transmission channel
into corresponding connector signal samples occurring in
the time position assigned to the called line and to route
said conmnector signal samples to- the distributor asso-
ciated with the called line group over a path which in-
cludes the common. signal input channel thereof, and
means for reconstructing the calling line signals from
said connector signal samples routed to the associated
distributor and for transmitting the reconstructed call-
ing line signals over the called line. :

20. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
‘different ones of said lines, means for developing a plu-
rality of time positions which recur in repetitive time posi-
tion frames, means for assigning each of said time posi-
tions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
than the number of said time positions, a plurality of
finder-selector links for each of said line groups, a plu-
rality of acceptor-connector links for each of said line
groups, means for assigning a different one of said time
positions to each of said acceptor-comnector links, means
including a finder-selector link in the calling line group
and an acceptor-connector link in the called line group
for setting up a connection between the calling and called
lines, and means common to zll of said line groups for
busying said acceptor-connector links to said finder-selec-
tor links as said acceptor-connector links are taken into
use.
© 21. In an automatic telephone system, a plurality of
lines means defining a plurality of line groups compris-
ing different ones of said lines, means for developing a
plurality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
‘than the number of said time positions, each of said
line groups having associated therewith a plurality of
called line group selectors and a plurality of called line
selectors, a finder for each of said called line group se-
lectors for operatively associating the called line group
selector with  a calling one of said lines, each of said
called line group selectors being directively controllable
over the calling line operatively associated therewith to
select the called line group and including means for se-
lecting an idle called line selector serving the called line
group, an acceptor for each of said called line selectors
-for operatively associating the called line selector with
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the selecting line group selector, each of said acceptors
having individually assigned thereto one of said time
positions, a selector busying channel interconnecting all
of said selectors and common to all of said lines, selector
busying means included in each of said acceptors for
busying the associated line selector to the other line
group selectors of the system over said selector busying
channel, and means including tandem related called line
group selector and called line selector pairs and the find-
ers and acceptors associated therewith for concurrently
providing mutually non-interfering two-way communica-
tion connections between different pairs of said lines.
22. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups compris-
ing different ones of said lines, means for developing a
plurality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
than the number of said time positions, each of said
line’ groups having associated therewith a plurality of
called line group selectors and a plurality of called line
selectors, a finder for each of said called line group
selectors for operatively associating the line group se-
lector with a calling one of said lines, each of said called
line group selectors being directively controllable over
the calling line operatively associated therewith to select
the called line group and including means for selecting
an idle line selector in the called line group, an acceptor
for each of said called line selectors for operatively as-
sociating the called line selector with the selecting line
group. selector, means including tandem related called
line group selector and called line selector pairs and the
finders and acceptors associated therewith for concur-
rently providing mutually non-interfering two-way com-
munication connections between different pairs of said
lines, and means included in each of said called line group
selectors for transmitting a busy signal over the calling
line operatively associated therewith in the event all of
the called line selectors in the called line group are busy.
23. In an automatic telephone system, a plurality of
lines arranged in different line groups, each of said line
groups having associated therewith a plurality of line
group selectors and a plurality of line selectors, a finder
for each of said line group selectors for operatively as-
sociating the line group selector with a calling one of
said lines, each of said line group selectors being direc-
tively controllable over the calling line operatively as-
sociated therewith to select the called line group and in-
‘cluding means for selecting an idle line selector in the
called line group, an acceptor for each of said line selec-

‘tors for operatively associating the line selector with the

selecting line group selector, a selector busying channel
interconnecting all of said selectors and common to all
of said lines, selector busying means included in each of
said acceptors for busying the associated line selector to
the other line group selectors of the system over said se-
lector busying chammel, each of said line selectors being
directively controllable over the calling line and through
the selecting line group selector to select the called line
within the called line group, means including tandem
related line group selector and line selector pairs and the
finders and acceptors associated therewith for concurrent-
ly providing mutually non-interfering two-way communi-
cation connections between different pairs of said lines,
means included in each of said line group selectors for
transmitting a busy signal over the calling line operative-
ly associated therewith a busy signal in the event all of
the line selectors in the called line group are busy, means
individual to each of said line groups for transmitting
a busy signal over the calling line in the event all of the
finders in the calling line group are busy, and means in-
cluded in each of said line selectors for transmitting a
busy signal over the calling line in the event the called
line is busy.
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24. In -an automatic telephone system, a plurality of .

dines, means defining a plurality of line groups com-
prising different ones of said lines, means for develop-

ing a plurality of time positions which recur in repeti-

tive time. position frames, means for assigning each of
said -time positions to one line in each of several -of
said. line groups, whereby the number of said lines is
substantially greater than the number of said time po-
sitions, means for assigning different groups of said
time positions to different ones of said line groups, line
units pulse generating means for repetitively generat-
ing units pulses in each of said time positions; synchron-
ously operated group pulse generating means for gem-
erating a series of group pulses during each pulse frame,
each of said group pulses spanning a group of said units
pulses, means for generating signal bearing pulses in each
time position of each pulse frame, signal sampling means
controlled by said group and units pulses for sampling
signals produced on a calling one of said lines in the
time position assigned to the calling line, means con-
trolled by said group and units pulses and directively
controllable over the calling line for converting said
signal samples into corresponding signal samples occur-
ring in an idle one of the time positions assigned to the
called line group and then converting said last named
signal samples into corresponding signal samples occur-
ing in the time position assigned to the called line within
said called line group, and signal reconstructor means
for reconstructing the sampled signals from said last
named signal samples and for transmitting the recon-
structed signals over the called line.

25. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
different ones of said lines, means for developing a plural-
ity of time positions which recur in repetitive time position
frames, means for assigning each of said time positions
to one line in each of several of said line groups, whereby
the number of said lines is substantially greater than the
number of said time positions, means for assigning dif-
ferent groups of said time positions to different ones of
said line groups, selector means responsive to a digit of
dial impulses transmitted over any calling one of said
lines for selecting one of said groups of time positions in
accordance with the numerical value of said dialed digit,
means for producing idle pulses in the time positions in-
cluded within each of said groups of time positions when
the time position is idle, and means controlled in part by
the idle pulses produced in the time positions within said
selected group of time positions for selecting an idle time
position within said selected time position group.

26. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
different ones of said lines, means for developing a plu-
rality of time positions which recur in repetitive time posi-
tion frames, means for assigning each of said time posi-
tions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
than the number of said time positions, means for assign-
ing different groups of said time positions to. different
ones of said line groups, selector means responsive to a
digit of dial impulses transmitted over any calling one
of said lines for selecting one of said groups of time
positions in accordance with the numerical valve of said
dialed digit, an idle pulse channel common to all of said
line groups, means for transmitting idle pulses over said
channel in each of said time positions, means controlled
in part by the idle pulses transmitted over said channel
for selecting an idle time position within said selected
time position group, and means responsive to selection of
said idle time position for preventing idle pulses from
being transmitted over said channel in said selected idle
time position.

27. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
different ones of said lines, means for developing a plu-
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rality of time positions which recur in repetitive time

“position frames, means for assigning each of said time
.positions to one line in each of several of said line groups,

whereby the number of said lines is substantially greater
than the number of said time positions, means for assign-
ing different groups of said time positions to different
ones of said line groups, at least some active time posi-

-tions in each of said time position groups being capable
.of handling calls intended for the line group to which the

time position group is assigned, a plurality of called line

.group selectors each responsive to a digit of dial impulses

transmitted over a calling one of said lines for selecting
one of sajid time position groups in accordance with the
numerical value of said dialed digit, an idle pulse channel
common to all of said line group selectors, means for
transmitting idle pulses over said channel to said selectors
in each active one of said time positions, means in-
cluded in each selector and controlled in part by the idle
pulses transmitted thereto over said channel for selecting
an idle active time position within the time position group
selected thereby, and means included in each selector and
responsive to the selection of an idle active time position
thereby for busying said selected idle active time position
to all of the other selectors of the system.

28. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups com-
prising different ones of said lines, means for developing
a plurality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
than the number of said time positions, means for as-
signing different groups of said time positions to differ-
ent ones of said line groups, at least some active time
positions in each of said time position groups being capa-
ble of handling calls intended for the line group to which
the time position group is assigned, a plurality of called
line group selectors, means for operatively associating said
selectors with different calling ones of said lines, an idle
pulse channel common to all of said selectors, means
for transmitting idle pulses over said channel to said
selectors in each active one of said time positions, means
included in each of said selectors and respounsive to a
digit of dial impulses transmitted over the calling line
operatively associated therewith for selecting one of said
time position groups in accordance with the numerical
value of said dialed digit, idle pulse gating means in-
cluded in each of said selectors and controlled in part by
said last named means for selecting those idle pulses
which occur in said selected time position group, means
included in each of said selectors for selecting a single
one of said selected idle pulses, and means included in
each selector and responsive to the selection of said single
idle pulse for blocking the idle pulse gating means in the
other selectors of the system in the time position corre-
sponding to said single idle pulse.

29, In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups comprising
different ones of said lines, means for developing a
plurality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
than the number of said time positions, means for as-
signing different groups of said time positions to different
ones of said line groups, means for developing calling
line pulses in the time position assigned to any calling
one of said lines, called line selector means responsive to
a digit of dial impulses transmitted over said calling line
and carried by said calling line pulses for developing
selector pulses in a time position within one of said
groups of time positions in accordance with the numerical
value of said dialed digit, and selector allotting means for
preventing said called line selector means from selecting
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the same time position for two simultaneously calling
lines.”

30. In an automatic telephone system, a plurality of
lines, means defining a plurality of line groups compris-
ing different ones of said lines, means for developing a
plurality of time positions which recur in repetitive time
position frames, means for assigning each of said time
positions to one line in each of several of said line groups,
whereby the number of said lines is substantially greater
than the number of said time positions, means for assign-
ing different groups of said time positions to different
ones of said line groups, at least some active time posi-
tions in each of said time position groups being capable
of handling calls intended for the line group to which
the time position group is assigned, a plurality of called
line group selectors each responsive to a digit of dial im-
pulses transmitted over a calling one of said lines for
selecting one of said time position groups in accordance
‘with the numerical value of said dialed digit, an idle
pulse channel common to all of said called line group
selectors, means for transmitting idle pulses over said

2,921,187

10

15

20

92

channel to said selectors in each idle one of said active
time positions, idle pulse gating means included in each
selector for selecting one of said idle pulses which occurs
within the time position group selected thereby, and selec-
tor allotting means for sequentially energizing said idle
pulse gating means in each selector, thereby to prevent
the selection of the same idle pulse by two or more of
said selectors.
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